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PREFACE TO. THE FIRST EDITION 

$ 

Considering" the importance of the coal*tar industry at the 
present day, it is surprising how few practical text-books'' th-^re 
arc on this subject. 1 feel, therefore, thal no a]K)logy is needed 
for offering to students, gasworks and tarwoiks managers, and 
others interested in this industry, and in chemical technology, 
a short treatise dealing in a practical manner with the distillation 
of coal tar and the working up of its chief products. 

In order that this book could be produced at a moderate 
jirice it has been ncc(*ssary to d(‘al with the plant and processes 
used in the working up ot tin* chief ])roducts obtained by the 
flistillation of coal tar in a more or less brief manner. Special 
attention has been given to the ])lant used for and the process 
of distillation of tar, as this portion of the industry is the most 
important, there being many works in wfiich tar is submitted 
to distillation, or a partial distillation, for special purposes and 
the distillates sold to other distillers for working up. 

As far as possible 1 havt* adlu'red to descriptions of plant and 
processes with which I have had a practical acquaintance, and 
I have drawn many of the illustrations in a diagrammatic form 
in ordei; to render them more easily understood. 

With reference to the figures relating to “change over”, 
points, temperatures used, amounts of distillates obtained, and 
so on, those given have been employed,in actual practice at one 
time or another, but they must be taken as guides only, as coal 
tar and coal-tar distillates, etc., are liable to variation. * 
My»thanks are due to the firms of Messrs. Thos. BroadLent 
& Sons, Ltd , S. H. Johnson & Cp., Ltd., and Robert Middleton, 
for their kindness in lending me electros with which to illustrate 
chapter xiv. Also to Mr W. R. Ball for the great assistance he* 
has given me in leading over mwh of the manuscript. Thanks 
are also due to my wife for the assisUai^c she has given me in 
the preparation of the Index and the correction of the proof 
<;bpet<^ * 

ARTHUR R. WARNES.* 


Hull, 1913. 
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PREFACE TO THE SECOND EDITION 

The, exccllei' t reception given to the first edition of this work 
and the rapidity with which tliis and a second impression were ’ 
disposed of has clearly indicated to the jinblishers and the 
author that there is a nt^ed for a concise text-book on the 
subject of coal tar distillation ; hence a second and revised 
edition. In offering this to his technical friends, whatever 
its merits or shortcomings, the author hojies they will find it 
helpful to them in their works practice or their studies. 

On account of its imiiortance ' and its close connection 
with ^he coal tar industry, the subject of gas stripping has 
been dealt with, an entirely new' chapter being devoted to it. 
It is the desire of the author that this chapter be of material 
assistance to those who intend to erect a gas-stripping plant, 
and to gas-engineering students wdio aw? preparing for their 
examinations. Unfortunately, owing to circumstances over 
which he has had no control, the author has not been able to 
say all he would like about the plant used in the process of 
gas stripping. Best thanks are due to Mr John Bond, of 
Southport, for the trouble he has taken in preparing details 
and a, diagram of his gas-stripping plant, and for his permission 
to 'publish them. 

Many additions have been made to the majority of the old 
chapters, some new diagrams have been inserted, and ‘the 
subjects of continuous dehydration and distillation have 
received some attention. 

Thanks are due to Mr H. P. Hird for particulars relathig to 
continuous dehydration and distillation of coal tar, and for the 
loan of several electros with wnich to illustrate the text. 

To his esteemed friend, Mr Arnold R. Tanktird, F.I.C.* 
F.C.S., the author tenders an :?xpres.sioii of his obligation for 
the many valuabh; suggestions in coiyi^ction with the analytical 
chapter ; also for supplying the manuscript relating to the 
bacteriological testing of disinfectants ^nd to the Berthelot- 
Mahler calorimeter, and for preparing the table of Road Beard 
specifications. 

For, the many kindnesses shown the author by the 
publishers he offers liis expressions ot gratit3de, and his aT:know- 
ledgments are due to Dr H. G. Cojrvian Jor hi.< kin^ permission 
to publish his methods for the dett?rmination of the per- 
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. Rentage of benzene, toluene, and xylene in coinnierical toiuoi, 
* and the analysis of crude benzol from coal gas. ' 

The prejparing of the manuscript and drawings' for the second 
edition of fliis work has been done under great difficulties owing 
to liigh pressure of work brought about by the great Europrm 
war, and also to the inary^ duties which the* author has had to 
perform in connection with the Navy and Army Auxiliary 
Medical Services. * In spite of this every care has been taken 
to avoid the creeping* in of errors. 

^o 'nis wife, who has rendered him valuable assistance in 
the revising of the Index, the bringing together of new material, 
and the reading of the proof sheets, the author offers his best 
thanks. 

ARTHUR R. WARNES. 

Hull, Uji7. 
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GOAL TAR- DISTILLATION 


CHAPTER I 

Coal tar— its ( oniposition— cfferl of nature of raw material and heat of 
carbonisalion on ]>hysKal ]>ro])erties and chemual composition of tar 
— results of praclual distillations coalite tar — vertical retort tar— 
increasing toluene in tar “ tree tarlion ’’ of tar 

• 

('OAL far IS such a familitfr material that it is unnecessary to 
*give a (lescri])ti()n of its aiijiearance. It is a very complex 
mixture of elu'mical compounds, chit'lly of tlie aromatic scries. 
The manner in which it is prepared and the naturt; of the raw 
matiTial (coal) influence to a wide extefit its chi'inical com- 
l-ositiOii and pliysieal iiroperties. Dealing first with its chief 
idiysical constant, specilie gravity, tliis varies in practice 
between 1.090 atid 1.215, according tophi' temperature (»f 
carbonisation or kind of letort employed. The lowi'r-gravity 
ta/s are geneially produc(‘d when low carbonisation temperatures 
are<,us4^d, or if tlie co.al is carbonised in chamber or vertical 
retorts. High heats in horizontal retorts produci; tar of higli 
specific gravity. Viscosity is affectcil in a similar manner. 
Reference to Tables 1 and 11 will illustrate these statements. • 


TAT'.Lh: I 



1 Hif-li He a 
Tar llori/oia.il 
kolorts. 

r«'Ill]» appinx. 

lion- C. 

I Low Hi-at 
'I'.ir. IIori/.oiitcil 
k<i|oits. 

Temp, apiiiox. 
HLU-t. 

• “ Vertic.al 
Retort 

Tar. 

‘ ( li.iiiiber 1 
Retoit « 
'lai. 

1 Specific gravity 
at Gl"’ F 

I 207 

T 000 

I 10 to I 12 ' 

I 18 • 


^ Lewis T. Wright. Jour, of Gas Lif(hUn». voL li^. p. i6q. 

“ Higher figure from Proc Inst. Enffineers, iyo8»p. 130. 
3 Gas World, Feb. 2G, 1910, p. 262. 

A 
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TABLKIP ' 


Tar linglisli Coal. 


Vjsrc)Sit\ — En,"l<'i 


At 20'^ C. 

.9)^ c. . 

.. 70°C. . 

Sjiccific \ 

Tlic absolute elu'inical comjMisition of coal tar is far from 
settled, and even at the pieseiit day comi)aratively little is 
known about it. Wdien 'tar is subinitti'd to di'structive dis> 
tillation ujiwards of 190 didinite chemical comiiounds can be 
scjwated from the distillates and the intch. WlietluT tlil'y* 
all exist in the tar before it is destrui'tively distilled is not 
certain. That light jH'oducts which distil at comparatively 
low temperatures, such as carbon disuljdiide, benzime, toluene, 
xylene, ]ihenol, and also some na])hthalene, do exist as such 
in coal tar is an established fact, but whethi r tlu' same is the 
case with all ot the higher molecular weight compounds is 
doubtful. It is probable that some of tlu'm are formed by 
the decomposition of lower moh'cular weight compounds, and 
also by condensation (the combination of two or more, ii'ml'e- 
ciiles of the same or of different substances with the separation 
of water). 

A fact to be borne in mind is that the coal tars turned out 
by the many gasworks in the world vary very much not only in 
their ultimate chcnnical composition, but in regard to the per- 
centifge and ipiality of the distillates and the pitch obtained 
from them when submitted to distillation in a tar distillery. 
In practice, coal tar on distillation is split up into the following 
chief .fractions :—Ammoniacal liquor, crude naphtha, light oil, 
light creosote or carbolic oil, creosote, anthracene oil, and pitch, 
and it is from these that many valuable products are recovered. 

It has been proved in’* practice that the nature of the raw 
material and the tomperature, of carbonisation affect the 
cli,emical composition, and, therefore, the quality of the tar. 
Dealing with the first condition, very shaley coal, or cannel 
coal, produce tars which yield on distillation products contain- 
ing a large quantity of bodies of a paraffinoid nature. • As 
paraffins are undesira,ble substances to certain users of coal 

JHrW Allrwr fl,.. T T.,U. TT 


Hon/oiital Ki'toits 

51.0 

J7>.o 

1.246 


With ill Ketorts. 

db-J 

;.-o 

1.124 



CONSTITUTION OF TARS 


iar distillates, the 0(?currence of these bodies will, of cdurse, 
in sucSi cases Jower the market value. Practical working has 
shown that North Country coal yields a tar which on distilla- 
tion gives a fairly low percentage of light oils and a rathei 
high yield of creosote, naphthalene, and anthracene, while t^i 
produced from Midland and Yorkshire coals yields on distilla- 
tion rather more light o*ils and less creosote, naphthalene, and 
anthracene that is if comparative methods of carbonisation 
and temperatures are employed. 

With reference to the effect of the temperature of carbon^a- 
tion on the constitution of tars, it is found that tliose pi’oduced at 
low temperatures yield on distillation, in addition to phenols of 
the carbolic acid series, phenols of a different series rather less 
acid in behaviour and probably of the creosol and guaiacol type. 
Also, there is a smallcT yield of naphthalene and of the benzene 
hydrocarbons, and a large percenttige of hydrocarbons of the 
parahin and olefine seriej;. Instead of most of the nitrogen 
occurring in the form of pyridiiK' bases it appears in the form of 
aniline and its homologu(;s. The amount of “ free carbon is 
also small. On the other hand high temperature tars, i.c. those 
produced <i\. high heats of carbonisation oi coal, yields on distilla- 
tion o ily traces of jiarafftnoid hydrocarbons, the ]n*edominatiiig 
hydiocarbons bi'ing those of the benzene, naphthalene, and 
antbracene series. The nitrogen occurs principally in the form 
ol pyridine bases, and the phenols consist chiefly of carbolic 
acid and its liomologues. The percentage of “ free carbon ” is 
generally high. In the writer’s opinion the high percentage of 
“ free'earbon ” is not due so much to the high heats employccfas 
to the shape of the retort and the amount of free space. Thi^ 
is borne out by the comparatively low “ free carbon ” consent 
3f tars from heavily charged retorts, and the very low “ free 
:arb(kn ” content of vertical retort tar. It has been found in 
practice that tar obtained from heavily charged retorts is^of a 
superior quality to that produced from light charges, in that 
it is much thinni r, contains k%s “ free carbon ” and a higher 
percentage of light oils. This type of tar appears tp hold 
less water in suspension, which is distinct advantage. 
Figures ^ on record show that**there is a drop in the specific 
gravity from 1.185 lo 1.105. In 4 ig^itly charged retorts, in 
which there occurs a good of free sj^ace, part of the gas and 
probably some of the tar is “ cracked ” into lighter materials 
and “ free carbon,” and this latter substance to a very l8.rge 
extent is carried up the ascension pipes and arrested by the tar 
in •the hydraulic main. Table 11 } illustmtes this and gives 
other useful informal ion. 


Jour of Gas Lighting, October 1 2, 
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TABLE III 1 




Tar from 


. < 

Works iisiDK 
liiRh ImmIs 
and 

lifjht 1 h-u-jics. 

Por mil. 

Works nsing 
niodcnitc heat. 

and faiily 
heavy charges. 
I’(T cent. 

Continuous' 

VertKVil 

Rctoits. 

Ter cent. 

Water .... 

2.0 

2.0 

2.0 

Light oils 

1 

i 

().() 

i 5.6 

Carbolic and creosote oils 

: M-o 

32.0 

: 41-4 

Anthracene oil . 

‘ 5.0 

4.0 

4.0 

Pitch .... 


56.0 

1 47^.0 

“ Free carbt)n ” in pitch . 

. 3 b 

1 

1 ^ 7 '^^ 

1 5.5 ^ 


^ The average results of some practical distillations made by 
the writer, using Yorkshire, Northern, and Midland tars, are 
given in Tables IV, V, and VL 


TAIiLE IV 


Yorkshire Tar. ! Northern Tar.“ 



Ci.illons per 
ton tar. 

Ter cent, 
by weight. 

Gallons per 
i ton tar. 

Per pent, 
by weight. 

Ammoniacal liquor 

1.<S 

0.82 

25.10 

II5 

^ru(le‘'naphtha 
i Light oil 

*30 5 

3<> 

2 20 

O.C) 

i 12 3 

f 5-4 ^ 

6.70 

30 

! Creosote 

: 5-^5 , 

1 () 0 

24.81 

.•53 

15.0 

I Anthracene oil 

2 ()2 

! 21.40 

10.4 

j Pitch . 

1 Il.^i^cwts. 
t per ton 

57.80 

ii.Oocwts. 
j per ton 

57-5 


^ E. G. Stewart, Trans. Land. aniT Southern District Junior Gas Assn.. 
1911-12, p. 43. 

2 A very watery tj^pe of tar. 
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TABLE V 
Midland Tar 


M. 



G.illoiis per • 

Per cent. 


l«ii IHr. 

by weight. 

Ammoniacal liquor 

4-50 

*2.0(T 

Crude naphtha 

4-3<^ 

1.82 

Light oil . 

T8.20 

8.20 

Middle oil . 

9.20 

4.26 

Creosote and anthracene oil 

31.80 

15.10 

Pitch 

I|.()() cwls.prr Ion. 

64.50 


TABLE VJ , 

Uliimate Products from Midland Tar 


go’s benzol . 

go per cent, at i6o° C. 

Heavy naphtha . 

^o’s carbolic 
CresyUc 
Pyridine bases 
Creosote 
JPitch . 


1.85 gallons per ton 
3.10 

0.75 

3.75 

340 

t'.30 

55-25 

13.20 cwtr 


When considering the lov# temperature tars the fact thal 
they contain paraffinoid bodies should not bQ overlooked 
Coalite tar is a member of the class «f tars containiilg thgs( 
bodies. This tar varies in sj^icific gravity between 1.050 lane 
1.070 ; it contains practically no “ire^ carbon ’’ or naphthalene 
and the first products of distillation are very volatile. It is 
these distillates which contain the paraffin bodies, and fron 
the tar distiller’s point of view render the tar valueless. 11 
should find use as a fuel oil*, or if sufficient volume can b( 
obtained to warrant separate forage ^nd distillation, th( 
fighter distillates could be employed, after rectification, fo: 
motor spirit and the heavier diatiilates for fuel (fil. Table VI] 
gives the results of two analyses of coalite * 
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TABLE VII 

(rt)^ ' Coalite Tar (i)® 


’ Specific gravity * 

Below 170° C. 
I7(V°--27^;“ C . 
^7o°-35t>'’ C 
Ifitch . . 


. 1.07 

, Ter cent. 
. 10.8 
. 20.0 
. to o 
• 39-2 


Specific gravity 
Water 

j Up to 170*^ C 

I i7o°-225"C 

|i 223“-240° (' 

|i 240 ‘’- 270 ‘‘ (' 
i 27 o°-30o" ('. 

I 3oo°-32o‘’ (.' 

I Pitch 




• T 075 
Per cent, liy vol. 
2.64 


3.10 

13-72 

^•35 


35 
S 80 


12,31 

Per cciit. <)f tar, 
. 40.00 


Unforliinatply. vertical retort tar exhibits the same fault as ^ 
coalite tar in that it contains paialhnoid bodies. On this 
account it is not possible to prejiare from it suitable benzol 
and toluol from which to manulacturt; pure benzene and toluene 
and their dcrivati3TS. From an inspection of Table Vlll it 
will be seen that the specific gravity of this tar and also the 
“ free carbon " content are very low. On distillation, compared 
with coal tar from horizontal or inclined retorts, it yields a 
•smaller percentage of benzol and toluol, very little phenol, and 
practically no naphthalene. I'lie pitch is of a finer quality 
than that obtained from horizontal or inclined retort tar, in that 
il is brighter and contains very little free carbon. 


TABLE VITI 

Vertical Ketort Tar (Dessau) 


Specific gravity 

'T.ri84 
Per cent. 

Ammoniacal liquor 

per cent, by weight. 

. 4.40 

Free carbon . 

T.oO 

Uv)toi70°C. . 

• 3-75 

Volatile in pitch 

■ 77-7 

1 70^-270® C. 
27o‘’-35«‘’ C. 

• 33 -bo 

8.00 

Specific gravity of pitch . 

1 

1. 19 

Pitch 

. 48.25' 


^ Gas World, May 5, F909, <p< 654. 

*■ • Prof. Lewes (sa? Chem, Trade Jour., Dec. 23, 1911, p. 633), 
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Vertical ‘Retort Tar (Glover-West Continuous)’ 


Specific gravity 

. 1.074 

I , Per cent, by weight. 

• 

I’cr cent. 

Water 

i-.S 

Free carbon . 

3 ' 1 « 

Light oils to 170° C, . 

5-0 

Pitcli 

va y soft 

Carl:* he oils to 2^0“ C. 

16.0 

A 

! Creosote oils to 2 C. 

8.9 


i 

1 Anthracene to 310° C. 

; Pitch 

7-9 

60.9 


At tlic time of writing (1917) the subject of increasing the 
yield of toluene from tar is reei'iving a great deal of attention 
on acxount of the importance of this material in the manu- 
facture of munitions of war. On(^ of tlie most interesting 
investigations in this connection is Muit of (1. vStevenson,- who 
finds that the mixing of limestone with coal prior to charging 
iitto the retorts increases the yield of toluene from the tar 
obtained. .Some of the results he secured arc set out in Table IX. 


TABLE IX 


(Jlantity oe Tar taken, ijooo c c. 


T'. • 

Nonnal 

1 carbonisation with 

1 “ C ” washing. 

l-imeMoiie used, 

No “C” washmg. 

Limestone used 
.md also i 

“C" washing.* ! 

Trude naphtha 

176 C.C. 

320 C.C. 

508 C.C.. i 

1 

Middle oils , 

720 C.C. 

850 -C.C. 

1 

800 C.C. ! 

Toluene in tar, lbs, \ 
pci ton of coal j 

0.27 » 

0.41 

I.OI 


From time to time ‘\lree ^.arbon ” has been a subject of 
interest and speculation as to its c^miposition. The result of 
many qualitative experiments has caused the writer to come to 
the conclusion that this m 3 .terial is *not pure or elemental 
carbon, but a mixture of this material with other bodies of a 
high carbon content. Tins conclusion is supported by the 
work of Hubbard and Reeve,® who*have n>ade several ultimate 


’ D. Fulton, Gas World, March 4915,^1. 298.* 

® Gas World, January 29, 1916. ^ 

“ Proc. Am. Soc. Testing Materials, ii. rtoMl. 06^ 
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anafyses of “ free carbon ” with the resiilts shown in T^ble X, 
and also by the work of J. M. Wciss.^ The result of an analysis 


TABLE X 


Carbon 

I'rom 

. 90.17 

To 

94-26 

Hydrogen 

2.59 

3-31 

Oxygen 

I.81 

5-91 

vSulphur . 

0.50 

1.78 

Nitrogen — no trace 

upon a qualitative test. 


of average “ free carbon ”* from coal tars made by this wuikci 
is given in Table XI. 


TABLE 

Works Samples froir 


Cotiditions, 


Horizontal retorts. 

Two ascension pipes, charges 5f cwts. in 6 hours, 1800® 'Eahr. 

Two ascension pipes, charges (>| cwts. in 6 hours, i950®iFahr. 

Two ascension pipes, charges mostly 12 cwts. in 12 hours, 1900® Fahr. 
One ascension pipe, charges 9J cwts. in 8 hours, 1950" Fahr. . 
Inclined retorts. 

^ One ascension pipe, charges mostly 6 cwts. in 6 hours, 1900® Fahr. 
Jour. Indust, and Eng^^Cf^m. vol. vi. No, 4, p. 279, April 1914. 
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TABLE XI 


Garbon 
Hydrogen 
Nitrogen 
Oxygen 
Sulphur • 
. Mineral ash 


89.85 

3.30 

c.io 

3-13 (by difference) 
1.28 

1.34 » 


The inference drawn by Weiss from many of his experiments 
is that the solvents used actually enter into combination v^th 
some of the constituents of the tar, and that the longer the 
time allowed for the solvents to act the larger the amount of 
compound formed and the greater the amount of insoluble 
residue (" free carbon ”) obtained. 

In a paper read before the Scottish Junior Gas Association 
Dr Davidson ^ gave some interestiqg figures dealing with the 
variation in the composition of tar according to the kind of 
retort and the carbonising temperature employed. These 
figures will no doubt be found useful for the purpose of com- 
parison, and they are reproduced in Table XI 1. The figures arc 
reckoned on the dry basis. 


XII 


Sales Tanks 


specific 

Gravity. 

Free 

Carbon. 



Percentage by volume. 



Vy 

Up 

100® 

130“ 

170“ 

230® 

270® 

Above 


weight. 

to 

to 

to 

to 

to 

to 

330® c. 



100“ C. 

130“ c. 

170“ C. 

230® C. 

270“ ( . 

330“ c. 

(Pitcli). 1 

T.182 

16.4 

1-4 

1-9 

0.3 

14.7 

9.5 

II . 3 

60.9 

1.191 

2C 3 

2.1 

1-3 

O.I 

12-5 

10.8 

8.1 

: 65.1 

1. 129 

13.9 

2.0 

0.6 

0.4 

18.9 

12.8 

13.6 

, 51.7 

1.200 

20.2 

1.5 

0.7 

0.8 

! 

12,7 

II. I 

8.5 

j 64.7 

1.176 

19.4 

2.0 

0.7 

; 0.4 

15.1 1 

II. 2 

11.4 

r 

59 . 2 ® 


^ “Tar and Liquor.” Sec Gas Worl^, ^pril 18, 1914, pp. 523-7. 
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c 


Conditions. 


TABLE ’ 

Coal Test Pfant 


Horizontal retorts. 

('oal “ A ” (Dot byshire) — 

(1) Coalite conditions 

(2) Ordinary coiulitions, <> 4 ewts. in 0 hours, 

Coal “ B ” (^'olkshlr(‘) — 

(1) 4.54 cwts. in b kours, 1(^0° I-'ahr .... 

(2) 4 87 cwls. m b hours, 1975^ ICihr. 

Li^ht and heavy charges. * 

Coal“C” (Derbyshire)- * * 

(1) b.41 cwls. m () hours, 1980® J-'iihr .... 

(2) 12 2T ewts. in 12 hoiiis, 2065'* Eahr. . . . ! 

Coal ■' D ” (Derby. shire)- - 

(1) 6.52 rwts.*in 6 hours, 2020° Falir. .... 

(2) 9.59 ewts. in 9 hours, 1980° Palir. 

Coal “ E ” (Derbyshire) — 

(1) 6 49 Lwts. in (i liours, 1990“ Fahr. .... 

(2) 13.41 cwts. in i2hour.s, 1990" Fahr. .... 
Wet and dry mains. 

Coal “ F 

(t) Wet main, O.41 cwts. in 6 hours, 1980“ Fahr. . * 

(2) Dry main, 0 51 cwts. in 6 hours, 1980° hahr. .* ‘ . 

Coal “ G 

(1) Wet main, 6 cwts. in 6 hours, 1920° Fahi . 

(2) Dry main, b 35 cwts m 6 hours, 1965° Fahr. 

Poor and rich coals. 

(i) Derbyshire, 6.23 cwts. in G hours, 1990° Fahr. . . • 

, (2) Yorkshire, 6.49 cwts. in G hours, 2025® Fahr. 

* (.S) Wigan cannel, 5 74 cwts. in b hours, 2040° Fahr. 

Dessau vertical retorts. 

(1) Coal ” H ” (Yorkshire) ....... 

(2) Horizontals for comparison, G.44 cwts. m G hours, 2070® Falir. 
Woodall-Duckham«eertical retorts. 

(1) Coal “ I ” (Derbyshire) 

(2) Horizontals for g^oijiparison, G.41 cwts. in 6 hours, iqio® Fahr, 
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KJl. {continued) 


Ex^riments 



Free 





t 






Percenlagp by volume. 



Sjjecific 

Gravity, 

I’ert-ent. 









by 

Up 

100 " 

1 to" 

17 . 1 “ 

iio® 

270 “ 

Aliove 



to 

to 

to 

to 

to 

to 

tloM'. 



100 “ c. 

I to“ C. 

170 * (’. 

.’lo*’ C 

270 " C. 

110 “ C. 

(Pitcli) 

1 120 

7 

.•i-7 

i 2 

0 1 

1<S , 

TO 9 

I 1 2 

3‘> 3 

T.Kjo 

19 I 


1 3 

0.4 

TO () 

TO. 7 

10 3 

O-i 7 

1.I()0 


12 7 

2 T 

I 0 

•1 8 

T(V 

12.3 

50.2 

1-234 

274 

.^■.5 

T T 

0 8 

7 9 

7 .1 

70 

71.8 

• 

u 








i.iyo 

19 r 

1 .5 

' 3 

04 

TO 9 

10.7 

10.3 

64 7 

1,150 

15 <) 

I 9 

r () 

O.J 

T7.I 

IT.1 

15-5 

32.1 

1.211 

23 H 

^ 7 

2 7 

0 0 

89 

10 0 

•77 

69 0 

1.151 


.S 9 

2 

i 4 

M T 

10 2 

II -5 

35-7 

1. 177 

1 20.5 

24 

3 1 


n2 

12.0 

7« 

39.2 

1 .07 


1.0 

0.8 

0.1 

21.7 

I I.O 

14 2 

50.6 

i.iyo < 


I 3 

I 3 

0 4 

i TO.9 

107 

10.3 

6,1.7 

1,210 

'^7-f 

0.7 

0 () 

«3 

i 8.0 

9.1 

5-'2 1 

75-9 


1S.9 ; 

2.9 

0.7 

1 2 ! 

11 3 

98 

11.8 

39.1 

1.215 , 

26,8 

1.0 

0.9 

«4 

8.6 

8-7 

10.2 

70.2 

1. 190 ! 

24 -t' 

1.4 

0.9 

0.2 1 

12.2 

10.3 

10 9 

64.1 

1,229 


1,6 

I.O 

0.3 1 

10.2 

9.1 

7-9 

69.9 


II.4 1 

! 

4.6 i 

3-9 

1.4 

5-2 

8.9 

4.6 

1 

71.4 

1. 14 

4-47 ' 

0.6 

0.4 

0.4 

12.0* 

10.7 

1 

13 T 

62. 8 

1.216 

25.8 1 

1-7 

1.4 

0.1 

10.0 

9.2 

79 ; 

69.7 . 

I. no 

3 -S 

1-7 

2 9 

‘>3 

12.11 ! 

II. 8 

*8.6 

62.3 

1. 190 

19. 1 i 

1-5 

1-5 

0.., 

10 9 

10.7 

• 

10-3 i 

64 7 
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In Table XIII will be found some •figures relating to tar 
)btained from Woodall-Duckham vertical retort^. * 


TABLE XIII 

Distillation of Tar obtainec^from Woodall-Duckham Vertical Retorts ^ 


Up to 100° C. . 

No. r. 

Moderate hciils. 

Per cent. 

1-5 

No. • 

Higher heats. 
Per cent. 

0.6 

100 — 130 

I.O 

1.8 

130— 170 

2.2 

0.4 

170—230 

11.4 

16.2 

230 — 270 

17-5 

14.2 

270—330 

18.0 

15.7 

330—350 

•. 12.4 

6.9 

350—370 

12.0. 

9.0 

Pitch 

24.0 

35.2 


The writer considers the figures given by Tooby for the pitch 
are rather too low, QIn the practical scale distillation is stopped 
^t a temperature varying between 310° and 320° C., whereas 
in the table the residue above 370® C. has been taken as pitch. 

^ Chas. F. Tooby: "Notes on the Working of the Woodall-Duckham 
Installation of Vertical Retorts at Wmdsor Street, Birmingham.” M. J. 
G. Assn. : Gas World, Jan. 24, 1914. 



CHAPTER ]J 

How tar is recefv^ed from gasworks —tar tips — storage of far — construction 
* of storage tanks — ^pumps — tar fhains. 

^ Tar is delivered to the distillers from the gasworks in railway 
tank waggons, lighters or keels, tar carts, and, less frequently, 
the distillery is connected direct to the source of supply by a 
pipe-line. Examples of the last named are to be found in 
London, Birmingham, and some other towns. Consideration 
will not be given here to the construction of the tank waggons 
and tl^e other vehicles of transport, beyond stating that cylin- 
•dijcal tank waggons are 'the best to use for tar carriage, 
A few words, however, on the plant and methods employed for 
emptying them on their arrival at the distillery is necessary. 

It is usual to provide a tar-tip into which these vehicles 
can be emptied prior to running or pumping the tar to storage 
tanks, but it should be mentioned that in some cases the tar is 
run direct into an underground tar storage tank or tar well. 
The tar-tip for railway tank waggons may be constructed 
between the railway metals oi on the side of the permanent 
vfay, but the latter position is perhaps the better both from 
th^ point of view of safety and convenience. A spot should 
be chosen at a suitable part of the works siding, and, of course, 
the position should be one which will allow the waggon to pass* 
over a weighbridge first. A hole of sufficient size should be 
dug between the metals and the bottom well puddled with 
clay. * A covered wrought-iron tank, well coated wjjth a 
bituminous iron protective solution on the outside and pro- 
vided with a 14-inch diameter kole and cover, is lowered into 
the excavation, the sides and top well puddled, and the earth 
filled in on the top to the sleeper level. ^The tank may hh buifl^ 
of brindled or Staffordshire bBie bricks set in cement, or of 
reinforced concrete, and in both cases the excavation should 
be well puddled first. ^ 

In the writer’s opinion a wrought-iron tank is the easier to 
put in and the more suitable for this particular work. The tank 
capacity should be at least that of a large railway tank waggon ; 
and the writer would add in this (jonnectii)n that he has used 
with economy, and to great advantage, the tank portions of 
old railway tank waggons after • tiiey 4 iave Dee» overhaided. 
It is, of course, necessary to provide an ‘outlet for the t?ir 

18 
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and* to connect this outlet up to a pump. In the case of old 
railway tank waggons the discharge outlet can be conveniently 
used, or, if desired, this can be closed, and an outlet cut in one 
of the sides of the tank near the bottom. As the tar gets very 
thick in cold weather it is an advantage to use tank waggons 
provided with a steam coil and to see that a steam main and 
suitable connections arc ringed up near'the tip. Warming up the 
tar will expedite tlie process of emi)tying conaiderabiy. *As 
many tank waggons ‘are not fitted with a .steam coil, ari’ange- 
ny?nt^ should be made so that a flexible steam-pipe can be 
inserted into the tank on its arrival. This is done by connecting ( 
to the ‘steam rig a piece of i-inch or ij-inch flexible metallic 
tubing of sufficient length to allow a foot or two to rest on the 
bottom of tlie tank, or else using i-inch to ij-inch stcam-pipc', 
employing the necessary elbows and bends to render the 
piping flexible and to ailgw it to adajit itself to the position. 
Unfortunately, open steam is forced into the tar, and tliis^means 
that it will become mixed with a certain amount of condens^'dt 
water. Also there is some risk of noxious vapours escaping 
from the manhole of the tank : covering this with sacking will 
minimise this trouble.^ 

^ The tip for a tar cart can be constructed in a similar manner 
to that just described. If it is desired to put in a small tank 
care should be taken to see that it holds rather more than the 
volume contained in the cart (approximately 270 gallons), 
and as to its position, it is advisabk^ to plact' it as near tlie 
emptying immp as possible. p 

• To empty keels and lighters it is necessary to run A jjipc 
line to the canal or riv(.‘r side, and lit suitable flange connections 
*at the end, to which a flexibh* suction })ipe may be attached. 
The flexible portion may be of wire-bound leather or flexible 
steel tubing (the latter is the better) ; and the internal diajiieter 
of tills and the pipe line should not be less than 4 inches— 

6 inches is preferable. 

There are worlds in existence which pump the tar as received 
direct into the stills, but this is a plan much to be dc;precated, 
and, o*f course, in large works one which could not be adopted. 
The chief reasons why tar slidtikl be stored arc (^i') to allow 
much of the entangled hqmor (ammoniacal water) to separate, 
and thus reduce the p^eriod aiid^ expense of distillation, and 
{b) to keep a sufficient stock in the works to enable it to be run 
during the “ low make ” season at the various gasworks from 
which the supply is drawn. It must be obvious that storage 
tanks should be of la>ge capacity, and there are tanks now built to 
hold as much as 1^,000,000 gallons. They are constructed above 
ayd below ground, and in thd latter case are often known as wells. 

Storage tanks, efected 'above ground arc, if built of wrought- 
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y^oii or raiiu steel, cylindrical in form, or if constructed cf rc- 
inforce€ concrcjte, cubical or rectangular solid in shape. Those 
built below ground are generally constructed of brick or re- 
inforced concrete, and may be cylindrical, rectangular solid, 01 
cubical in shape — the two last-named kinds bt'ing the general rule. 

As these tanks are required to hold a very considerable 
weight of material, often*upwards of*35oo tons, it is necessary 
thJlt a site bi chosen where the strata is firm, iftid that a good 
foundation be put in. It the nature of tlit strata is not known, 
it is advisable to make one or two borings at the clioscn sije. 
In the case of underground tanks these borings should be carried 
to a depth greater than that of the depth of the tank and its 
foundation ; for it is quite jiossiblc that the ground for some 
15 feet or 20 feet below the surface may be quite firm and then 
a few feet beyond this running sand or slippery clay may occur, 
In cases of tliis nature, if it is not possible to put the storage 
tank in another position, special pre(',autions must be taken 
Vi4)ien building the foimdafion. vShomd the tank be constructed 
of brick, concrete, or reinforced concrete, and the foundation 
built on tmsiiitable strata, no precaution being taken for this 
state of affairs, an unequal settling may take place and produce 
cracking, the result;, of which would be* serious. If the tanli 
IS built of iron and subjected to the saiiu' unsuitable conditions 
the straining produced by unequal settling would bring about 
leaking at tlie seams. On linn ground tlie concrete foundation 
need not be more than T(S inches thick. In cases where 
;^ngy ground has to be built upon, it is advisalilc to increase 
tn^ thickness of the concrete and reinforce it with small section 
angle, tee, or aitch iron, arranged in lattice form. This makes 
a kind of concrete raft, which wll pratTically do away with all 
risk of unequal settling. 

It^ is very advisable to build the sides of concrete tanks on 
the r^'inforced principle. They may be built on the Mouier-* 
system, in which expanded metal or wire network formed of iron 
wire is arranged mi that the thickest are placed longitudinally 
and the thinnest transversely, or on the Hennebique system, in 
which round iron bars arc employed ; i« both cases, of 'coursg, 
the metal-work is surrounded •l^y concrete. Tlie sides of the 
tank may vary between 9 inches fin#l 18 inches in thickness, 
according to whether the tank is below or above ground level, 
or to the size of the tank. One of thc*bcst mixings of concrete 
to use is 4 : 2 : 1 (G. E. Davis recommends 7:3: i), and it is 
very necessary that the materials be thoroughly mixed, that 
an excess or insufficiency of watc^r is a\»ided, and that the 
aggregate is free from clay or loam. The w^t concrete should 
be thoroughly punned, best with^ pointed rammer, and the 
moulding . boards should not be removed •until the concrete 
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is thoroughly set. It is absolutely essential that no tar (ot 
creosote) be put into a concrete tank until it is quite sety and a 
period of several months should be allowed to elapse before 
putting the tank into use. If a concrete tank is constructed 
properly it will withstand a liquid pressure of 8J lbs, per square 
iiich without leaking. The inside of the tank should be rendered 
with neat cement. It is ‘advisable to puddle round the sides 
of concrete tartks that are built below ground before filling®^in 
the earth. The top of the tank may be constructed of reinforced 
cojicroie, wood, or iron plates. 

If it is desired to build the tank of bricks, those of a non- 
absorbent type, such as brindled or Staffordshire blues, must be 
employed. The bricks should be set in cement, and the joints 
should not be too thick, about inch, and the tank must not 
be put into commission before the cement joints are thoroughly 
set. As the walls are being built up, good puddle should be well 
rammed round the outer side to a thickness of at least 12 inches. 
The thickness of the wall should be 'between 14 inches a*hd ^8 , 
inches, and it is advisable to render the inside of the tank with 
about I inch of neat cement. The top of the tank may be built 
of similar materials to those used for concrete tanks. Iron 
t^nks arc sometimes placed below ground, and if this is done 
it is essential that every care be taken in the riveting and caulking 
of the seams. It is wise to apply a good thick coat of pure 
bitumen paint, free from sedimentary matter, to the underside of 
the bottom and to the outsides of the tank. A concrete founda- 
tion should be made at the bottom of the excavation, the thick- 
ness of which will depend upon the condition of the groirtid 
underneath. Properly made clay puddle should be rammed 
round the sides before filling in the earth, and the tank may be 
covered in with a wood or iron roof. 

Reinforced concrete and iron tanks are the two kinds usually 
built jabove ground, and as the method employed in the con- 
struction of the former is the same as for those placed oelow 
ground, no further description %s needed. The fact that they 
must be stronger must not be lost sight of. It is desirable, 
h*owever, to consider »J)riefly the construction of iron tanks. 
These tanks may be built to contain as much as 1,000,000 gallons, 
but a very usual size is^batween 250,000 and 400,000 gallons. 
As these tanks are erected in the open air, and, therefore, ex- 
posed to all conditions o! weather, corrosion troubles will rapidly 
5ct in if they are not properly covered on the outside and under- 
side of the bottoms with a pure bitumen paint free from sedi- 
ment. The under side of the bottoms should be covered during 
erection, and the^ outsides after completion. It is absolutely 
3 S^ential thaL'good souwd \?ofk be put into the tanks during 
:heir erection, asjrdm the* time of completion they are generally 
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f All, or partly full, of ^ar, and this condition will make itr ex- 
ceeding^ difficult, if not impossible in many cases, to carry out 
repairs without '^rst emptying — a very awkward state of affairs 
to crop up, say, at a busy time. 

In all cases the scams should be double rivffted and thoroughly 
caulked. Care should be taken that the rivets are not too short*. 
They should be of sufficie«t length to'allow the riveter to snap 
the«tail of th(^ rivet properly, and the height of unfinished snap- 
head should be about three-quarters the diameter of the shank. 
Mild steel rivets of a good quality should be used ; poor qyalitv 
steel rivets are apt to fracture. Rivet holes should be drillea 
for preference ; in. puncliifig holes there is a great risk of an 
unseen fracture occurring between one hole and another, a con- 
dition which may lead up to a serious leak when the tank is 
put into commission. 

The sheets of mild steel of which storage tanks are built 
should be, for preferenc(\ ])ressed into^hape, and their thickness 

t hquldVary, being greater for those pi ies which are to form the 
bottom ring than for those it is intended to use for the top and 
intermediate rings. The bottom plates need not be quite so 
thick as tliose of the bottom ring. As an exam])le of the thick- 
ness of the various plates used in building tank, the following^ 
vyill prove useful. 

The tank is required to hold approximately 300,000 gallons 
of tar, and in this case the diameter may be 55 feet and the 
depth 20 fe(d. A tank of this depth w*ould be built up of four 
rings, each being 5 feet in width. The thickness of the plates 
cof^;Osiiig the bottom ring should be inch, the plates of the 
next ring .'I inch, the next I inch, and the plates of the top ring 
inch. A thickness of J inch is quite sufficient for the bottom 
plates. The bottom angle ring should be constructed of *2! 
inches by inches by § inch section angle steel, and the top 
angle i^ng of 2 inches by 2 inches by J inch section angle ^cel. 
Doubl. riveted joints, with the rivets having a pitch of 2 inches, 
are used throughout, • 

Many tanks are not covered, but if a cover is desired, it can 
be constructed of mild steel sheets of J iijch in thickness,* with ^ 
the exception of the crown plato»and the outer circle of plates, 
which should be of incJi. The coyej is generally supported 
by a middk stanchion, on the top of which are riveted radial 
arms reaching to the circumfei^nce of tlTe tank. Two hatches 
about 3 feet square, provided with light cast-iron covers, should 
be put in the cover on the outer circle plates, and provision will 
also have to be made for the entry o| the ta% inlet pipe, and an 
outlet for air and foul gas. This outlet pipe should be connected 
to a small purifier box to retain sulphuretied hj^ogen, etc. 

If the storage tanks are not covered, it is usrual to keep abouf 

B 
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1 8 kiches of water on the top of the t^ir to prevent nuisance. 
It is necessary, however, to remove the water several times 
during the year, and as it will contain a ceitain amount of 
ammonia it shoud not be run to the drain, but sold as weak 
ammonia liquor to an ammonia works, or in the event of the 
tarworks possessing an ammonia plant worked up in this. The 
tar inlet pipe should be so constructed that it reaches about 
two-thirds the way down the tank. This will qyoid agitation 
of the top liquor and splashing during pumping, when the tank 
contsvins a considerable aniount of tar. Of course this precaution 
need not be taken if the tanks are covered. The inlet pipe^ 
should be of wrought-iron and of a diameter of either 4 or 
6 inches. With regard to the outlet pipe for removing the tar 
the centre line of this should be about 9 inches from the bottom 
of the tank. This pipe can be made of cast-iron, or better of 
welded wrought-iron, and should be about 6 inches in length 
and of a diameter of 6 inches. It is carefully riveted to the 
tank and fixed by means of a flange to a best quality cast-ijrojr 
plug-cock. If preferred a sluice valve can be used in place of 
a cast-iron plug-cock, but all the fittings must be of iron. 

It is a great advantage to provide storage tanks with 2-inch 
, wrought-iron steam 'Coils. They should be put in in the form 
of a gridiron and supported on rollers. A good method of 
putting the inlet and exhaust of these coils through the tank 
side is shown in Fig. i. The advantage of a steam coil is felt 
during the winter months, when tar, if it is cold, becomes very 
difficult to pump, owing to its increased viscosity. 

' As it is an exceedingly difficult matter to dip a tar tank in 
order to find accurately the amount of tar and weak ammoniacal 
liquor it contains, it is advisable, in order to check the dips, to 
insert a scries of J-inch pet cocks up the side of the tank at a 
pitch of 3 inches, commencing about i foot from the bottom of 
thc^tank and finishing about 6 inches from the top. 

‘ Some care should be exercised in choosing tar pumps. They 
must be strong, of cast-iron throughout to minimise corrosion, 
and fitted with either piston or mitre valves. For delivery into 
storage tanks, the qjiarging of stills or preheaters, or general 
transport of tar from fairly <ong distances, pumps having a 
6-inch delivery should Jiq, installed. There are several suitable 
types of pump on the market. Of them may be mentioned 
three of which the writer has had experience : these are, the 
Worthington, Tangye, and Evans’ Cornish. Each of these 
three makes gave satisfactory results in working, but the- writer 
has no doubt thaf. other, makes would prove as suitable. It 
must be remembered that the pump must be fitted with cast- 
iron rams or, plungers„ior rkig packed buckets ; leather or canvas 
^packed buckets aie not suitable. 
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It is^ wise plan to employ pipe lines of at least 6 inch<^ in 
diameter for the conveyance of tar, and they are best con- 
structed of cast-iron socket and spigot pipes. The joints must 
be made with care or else trouble will ^ccur from leaks. 



Fjo. I— a Molliod of insciting St(Jm Pipe into Sloidgc Tanks, 


Propeily made lead-wool joints ^will give* highly satislactory 
results both from the point of view of saving money and 
securing tightness. Another good jdinf is obtained by using 
the turned and bored socket and spigot pipe of the Liverpool 
pattern, but it should be remembered that this type of joint 
is not suitable in situations where the pipe lines wind: lead 
joints will have to be used in these cases. 
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trar Aills— metals used in their construction — design — fittings — building 
of still— safety contrivances— swan neck — swan-neck stool — steanij, 
pipes — charge block — dipping cock — ^manhole and lid — tail pipe and 
pitch cock — thermometer. 

In a tar distillery the pieces of plant subjected to the greatest 
wear and fear arc tar stills, and very careful consideration 
should be given to the design and construction of these pieces 
of apparatus. The portions of a still above tlie pitch ‘level at 
the finish of the operation are more or Jess severely corroded by 
ammonium ^ chloride and to a lesser extent by ammonium 
sulpliide.i The corrosion is much more severe if the still dome, 
manhole, and charge pip(; inlet arc wrongly designed, or not 
properly lagged. The other part of a still which often gives 
much cause for anxiety is the bottom, which, if not properly 
built or protected, or if the fireplace is wr(.)ngly constructed, 
may “ come down " in a few weeks after being put into use.^ 

In the construction of tar stills, wrought-iron, mild steel, 
or sometimes cast-iron is used. To employ cast-iron i^ in 
the opinion of the writer, a great mistake. Although it is now 
possible to make very large castings in which blowholes are 
piactically absent, freedom from this weakness does not render 
the metal suitable, as there are other faults. For instance, the 
thickness of a cast-iron still is much greater than that of one 
constructed of wrought-iron or mild steel, the averag^i of the 
sides and top being inchej^ while the bottom varies between 
2 and 2}j inches, the latter thickness occurring at the junction 
of the ruil-off pipe (^ee Fig. 2). This greater thickness of metal 
not only means a much heavier weight to support on the brick 
scatings, but a greater fuel consumption. Assisting the thick- 
ness of metal in bringing about the latter drawback is the some- 
what poorer heat cohductivity of cast-iron as compared with 
wrought-iron. Then the uneven thickness of the bottom, at 

^ See “Corrosion of Industiial Iron Work,” by A. R. Warnes and W. S. 
Davey, Journal of Society of Chemical Industry, June 15, 1910. The Gas 
World, April 23, 1910, p. 528, ‘and May 7, 1910" p. 599. 

* See “ Coal Tar Distillation,” by A. R Warnes ; Trans. Midland Junior 
-Gas Association for 191#, pp.* 1^-29, or the Gas World, October 15, 1910, 
p. 462. 
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me place just mentioned, combined with tlic comparatively 



poor expansive properties and low tensile str^ngtji, opens up 
the risk of craclang. The writer has experienced this trouble,* 
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wh\ph is of a very serious nature. In this connection it shoufd 
be pointed out that it is practically fnipossible to repur satis- 
factorily a cracked cast-iron bottom, and therefore it has to be 
scrapped — no small matter, as it means the removal of much 
brickwork before the damaged bottom can be got away and a , 
•new one put in its place. Tlien there is the relmilding of the 
brickwork after the repair is finished. It will be noticed on 
inspecting th(? diagram (Fig. 2 ) that flanged joints are used in 
the building up of the still. TJiis is a most unsliitable Jtind of 
joint^for a vessel that is subjected to such high temperatures as 
ft tar still. The chief difhculty is to keep the joint tight, even 
when the faces are perfectly trued up. 'i'lie risk of a leaky ' 
bottom joint is increased somewhat by the fact that the 
thickness of the metal of the bottom is greater than that of the 
sides, thus producing a certain amount of unequal expansion 
and contraction. 

Botli mild steel and wrought -iron enter largely into the con- 
struction of tar stills, but there is a diversity of opini(5n as tp 
which is the better metal to use. It seems, however, that ihild 
steel is in greater favour. Whichever metal is chosen, it is very 
necessary to sec that the best quality is obtained. In the case of 
wrought-iron, there is always the risk of laminations or blisters 
^ occurring, even in the best qualities, and the thicker the plates 
the more liable they are to this defect. The writer has frequently 
seen plates which to all outward appearances seemed perfect 
open out very badly on shaping, owing to lamination defects. 
Fracture is frequently caused by laminations or blisters, and 
Gorrosion is materially assisted. Owing to the fact that wrcqght- 
iron is brought into contact with fettling materials in the course 
of its manufacture it is not homogeneous in structure, and this 
state is one which also assists corrosion. Some prefer wrought- 
iron because of its fibrous structure, but this condition must not 
be considered as an absolute indication of strength, ki cases 
in*. which shaping has to be dene across the grain, thcie exists 
the risk of cracking. ^ 

Mild steel is in the writer’s opinion the better metal to use. 
It requires, however, rather more care in working the plates. 

' Well made mild sheet is perfectly homogeneous in structure, 
owing to the fact that in the process of manufacture the whole 
mass is in the state of lusion. There is a greater freedom from 
impurities, and the tendency to c.orrode locally is reduced on this 
account. Mild steel is rather moi'e ductile than wrought-iron, 
and, therefore, is more amenable to the treatment received in 
the process of can^hcring, flanging, etc. 

Much care is necessary* in the process of shaping steel plates, 
and where possible this s^ojild be done by hydrauUc pressure. 
*When this cannot be done, and of course it is not possible in the 
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case of repairs carried out in a tar distillery, careful attention 
must bt given to the heating of the plates, and in particular 
to the shaping ^f them. The plates should be first heated to 
redness and then beaten into shape with wooden mallets, using 
cast-iron templet blocks. Metal hammers „must not be em- 
ployed under any circumstances. Research into the causes of 
corrosion has proved thaj; hammering iron or steel renders it 
mo«e liable to attack. This is brought about by the pioduction 
of local straiif* and when metal hammers arc used* this condition 
is set up to a greater extent than when tTie plates are shaped 
with wooden mallets. It has been disco vcied that over-hSating 
renders iron or steel more hable to corrosion, the amount of 
corrosion product being on an average 20 per cent, more from 
over-heated metal than from metal normally heated. 

All rivet holes should be drilled and countersunk on the 
inside, not punched, thus avoiding the risk of cracking between 
one hole and another, and also the setting up of local corrosion 
^when fhe still is in use. A, research undertaken by T. Thickens 
showed that corrosion took place to a greater extent around 
punched rivet holes than around those which had been drilled, 
owing to the local shearing strain set up by the punch, and the 
writer has been able to confirm this wgrker’s results. It is 
also policy to use rivets made of the same metal as the plates? 
and they should be of ample length, to allow a good snap-head 
to be formed. The scams must be properly caulked, as lack of 
attention to this detail will lead to a number of very troublesome 
leaks. Machine riveting gives better results than are obtained 
byvjiand, and it is also more economical. It should be employed 
whenever possible. With reference to the diameter of the rivets, 
and the pitch of the rivet holes, these dimensions should vary 
according to the thickness of the plate used. A good thickness 
to employ, at least for the shell, and the one generally adopted 
(sometimes throughout), is J inch. The pitch of the rivet holes 
and diameter of the rivets should be 2 inches and | incliToi 
wrought-iron and 2 inches and inch for mild steel. The 
centre of the rivet hole to the e*dgc of the plate should be 
inch for wrought-iron and i| inch for mild steel. As tl^e top, 
or doipe, of the still is subjected to tP!e action of corrosive 
vapours to a greater extent than the shell, and with some tars 
very much rnore so, it is advisable foftonstruct this portion of 
the still of slightly thicker plates than those used for the shell. 
A useful thickness is ^ inch ; the pitch of the rivet holes and 
the diameter of the rivets should be 2i inches and i inch 
respectively for mild steel and 2J inches and inch for 
wrought-iron. The centre of the ‘rivet h*ole to the edge of 
the plate should be inches for mild stetl and inches 

for wrought-iron. The writer slrongljr refomnlbnds the usie 
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of steel for the construction of the dome and shell of 
the still. * ' * 

It is difficult to say definitely whether wrou^ht-iron or mild 
steel is the best kind of metal to use for constructing the still 
bottom. The writer has had a case in which two still bottoms, 
one of mild steel, one of wrought-iron, and each put into com- 
mission at the same time, have “ copie down ” within a week 
of each other, , necessitating the replacing of the greater pant of 
the bottom of both stills. The conditions in thi.s^'instanc^' were 
certainly very drastic, the tar being of a very bad quality and 
tile sfill bottoms not protected in any way by brickwork. The 
writer’s experience (bearing in mind tlie case just mentioned) 
has caused him to come to the conclusion that, on the whole, 
wrought-iron is the better metal to use. Careful observation has 
shown tliat wrought-iron bottoms, properly treated and pro- 
tected by brickwork when necessary, last longer than those 
constructed of mild ste»l. An investigation commenced by 
the writer, part of wliich is not completed, seems td show^ 
that metal of fibrous structure is the best kind to use for the 
construction of still bottoms. In all cases where a still bottom 
has “ come down,” cracked, or become badly burned, the metal 
removed from the damaged parts has been highly crystalline 
stnicture, and very brittle, even when fibrous metal (wrought- 
iron) has been used. ICxperiments have shown that this crys- 
talline state takes some time to form in the case of wrought-iron ; 
mild steel is already of a crystalline nature. It appears that the 
crystalline state is brought about mainly by the iron taking up 
carbon, and it is quite well known to metallurgists that ^he 
greater the carbon content of the metal the more brittle it 
becomes. Brittleness is a source of weakness in a still bottom 
in many ways, and the writer has known cases in which still 
bottoms have been cracked, and even pieces knocked out, during 
the process of still cleaning. A good thickness of wrought-iron 
plat^ to use for still bottoms is | inch, and for this thickness 
rivets of l inch diameter are necessary. The pitch of the rivet 
holes should be 2| inches, and i.J inches is allowed from the 
centre of the rivet hole to the edge of the plate. 

* Tar stills are built in various sizes, the chief being, lo, 15, 
20, and 30 tons working capacity. The 15-ton size is used very 
largely in this country, U great point in its favour being that 
its contents can be worked off ‘in between 14 and 15 hours. 
Although tar stills of various shapes have been tried from time 
to time, none of these shapes has proved so satisfactory in use 
as that known as the pot or vertical still, and it is this type of 
still that will now be desclibed. The pot still is divided into 
three chief parts,* namely : ^he shell, which is a vertical cylinder 
tihe diameter*of wliich & a htlle greater than the height ; the top 
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or dome, wliicli, in a properly designed still, should have#^^ery 
little rfee in it ; and the bottom, which is concave from the 
outside and pitched high. The still is provided with the 
following fittings : A safety-valve, or similar contrivance ; a 
swan neck for conducting away the vapours ; a steam-pipe 
inlet block, and a steam-pipe inside connected to a perforated 



coil or criss-cross arrangement; a clja^e block, for connecting 
up to the charging pipe ; a dipping cock ; a manlid stool and 
lid ; and a tail pipe, with cotk, for running off tlie pitch. A 
thermometer pipe is sometimes fitted eithfcr into tlie dome or 
the top of the swan neck. The separate parts of the still and 
the several fittings will now be dealt ^ith seriatim. 

The shell of the still is built up*of wrought -iron or, better, 
mild steel plates, riveted, and of tliicknesses already described! 
For a 12-ton still the diameter of the shell fnay be 9 feet an8 
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the freight 8 feet 6 inches ; for a 15-top still, diameter 9 feet 
6 inches and height 8 feet. The dome, or top, of the* still is 
constructed of sketch plates and a dome plate (sec Fig. 3), 
riveted and of thicknesses previously described. The number 
of segments or sketeh plates varies according to the size of the 
still or the ideas of the designer ; for instance, in a 12- or 15-ton 
still this number may be eight. The pitch or rise should not 
be more than i«) inches for a 12- or 15-ton still. A^largc number 
of stills have been and are at present constructed with high 
pitched domes ; tliis is a mistake, as it does not add to the 
efficient working of tiie still, nor is it necessary from the point 
of view of strengtli, and it materially assists in the process of 



Fic. 4.— Diagrammatic lllubtration showing Extent of Corrosion which can take place on a 
liigh-pitched Dome. 

corrosion. As pointed out by the writer in a paper read before 
the Society of Chemical Industry, 1 corrosion of tar stills is brought 
abQ,ftt by aqueous vapours containing chiefly ammonium chloride 
in the dissociated state, and proceeds most rapidly at those 
points where condensation takers place, and where the condensed 
vapours are able to trickle down the plates. A high-pitched 
•dome provides all thSse bad points ; it is more difficult to lag 
properly, it exposes a greater surface to the cold atmosphere, 
especially of winter (most* tar stills are in the open), and the 
manhole is in a position which fuijther assists in the condensation 
and temporary retention of the condensed vapours, which 
eventually trickle down the plate on the underside of the hole. 
Cases have come under the writer’s notice in which the plate 
under the manhol^ has befen corroded through three times in 
five years, and is all cases of high-pitched domes he has noticed 
^ Journ, Soc. Chemical Industry, June 15, 1910, No. ii, vol. xxix. 
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^ large amount of grpoving on the inside. Fig. 4 illustrates 
diagrafnmatically the extent of corrosion which can take place 
on a liigh-pitched dome. The correct type of dome to use is 
shown diagrammatically in Fig. 3. 

The still bottom should l)e constructtd of wrought-iron 
plates, of a thickness already described, and these plates must 


CROWN PlAir 



be well riveted and properly caulked. Sometimes still bottoms 
are constructed in one piece, but this is not a good plan ; it 
makes repairs more costly and the bottom is not so stron§^ 
The most satisfactory way is to construct the bottom of a number 
of segments, or sketch plates, united at the crown by a circular 
plate known as the crown-plate. The number of segments may 
vary between 8 and 12. Methods of arranging these and 
the crown plate are shown diagrammatically in Figs. 5 and 6. 


CROWN PIATE 




Flu. 6.— A Method of arranging Plates for Still Bottom (lhagrammatic), 

• 

The diameter of the crown plate varies between 2 feet 6 inches 
and 3 feet. It is advisable that the rise or pitch of a still bottom 
should be as great as possible. For a 12- 05 15-ton still the rise 
should be 2 feet 9 inches, and for a 30-ton still 3 feet 6 inches. 
The bottom is joined up to the shell in^two v^ys • (a) b}^ angle 
iron, and (b) by means of what are known* as channel platdfe. 
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The latter method is the better. Fig^s. 7 and 8 show dia-. 
grammatically the two methods. Important points to Bear in 
mind when constructing still bottoms are thC necessity of 
securing as complete a draining off of the pitch as possible, and 
to avoid the introiltlction of joints, which increase the tendency 
of the pitch to lodge and ultimately coke. Joints which make 
the work of still cleaning difficult siioii»ld also be avoided. The 
angle-iron joint* possesses the defects just mention^'d, the neSlr- 
ness of the rivets acting as a nucleus for deposits which even- 
tually ,cokc (sec Fig. 7). If channel plates are used, however, 
the risk of these troubles occurring is much minimised, and one 
of the best types of channel plate to adopt is shown in Fig. 8. 
It is not advisable to make butt joints when connecting up the 
channel plates ; lap joints arc the best. 




Img. 8. - Channel MetluHl of joining 
Moitom of Still to Shell. 


* The advantages o-f building a high pitclied bottom to a still 
are, (^f) a large heating surface is secured, (6) the metal can 
contract and expand with comparative case, thus minimising 
strain, (c) the stiffness of the bottom is increased, [d) the 
draining off of the pitch is materially assisted. 

' \5ilien a tar still is working normally, there should bd very 
littlft pressure inside, but should a stoppage occur in any portion 
of the condensing worm, a serious pressure may be set up. In 
order to give warning that a stoppage has occurred, and at the 
game fime relieve abnc^-mal pressure, a safety-valve, or a similar 
contrivance, must be fitted to ’he still. Safety-valves of the 
dead-weight type are tl^p ,best to use. The valve should be 
designed with as shallow a casting as possible on the vapour 
side of the seat in order to avoid a stoppage by solidified an- 
thracene or naphthalene salts. A type of valve designed by 
R. Astbury and the writer, which in practice has given 
excellent results, is •shown jn Fig, 9. The safety-valve stool 
should be cast as shallow as possible, and riveted on to the still 
dome (see Fig 10^. Tli^i seat ^should not be too narrow, and the 
valve should be weighed to blow off at a pressure of 6 lbs. to the 
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.square inch. Another contrivance often known as the ^-pipe 
is iUiiStrated in Fig. ii. This device is nothing more than 
a water seal,^hc two limbs of the U-bend being filled with 
ordinary water. The length of each limb should be 3 feet 
9 inches and the internal diameter of the tubb Jon inch. There 



is a much greater risk of this safety contrivance becoming 
clogged than with the safety-t^alve just described ; the clogging, 
of course, taking place in the upright tube*. The S-tube may be 
fitted to the top of the swan neck, or on the still dome. 

The swan neck should be made of cast-hron, and is bolted on 
to a swan-neck stool (see Fig, 12),* Cast-iron is used because 
it is easier to manufacture a fittiug of ^his shSipe^n that metal, 
and it also resists to a far greater extent than wrought-iron br 
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mild %steel the corrosive action of some of the tar distillates.. 
The internal diameter of tlie stool shoula he 12 inches a\id the 
swan neck tapers from 12 inches down to 4 indies. A flange 
must be cast on the narrow end for the purpose of attaching it 
to the condensing coil. The swan- 
neck stool should have cast on to 
it a short length of about 4 inches 
beyond the lower flange, which VJill 
project into the still \dien thetstool 
is riveted into position. This will 
prevent any condensed vapours from 
Fig. Id.— Safety-valve stool. trickling clowii the iuside of the 

dome, and so assist in minimising 
the rate of corrosion of the plates of the dome. 

For the purpose of reducing the lemperature towards the 
end of the tar-distilling operation, and to keep the still contents 
in a state of agitation, in oVder to prevent as far as possible the 
coking of the pitch on the bottom -plates, it is necessary to < 
provide the still with open steam coils. At the point where 
steam enters the still, it is necessary to fit a steam-pipe inlet- 
block, which is made of cast-iron, and of a 
(jesign shown in Fig. i^. It is just as well 
to provide two valves on the steam main 
in order to reduce the risk of a leakage of 
condensed steam into the still, should one 
valve become defective (see Fig. 12), and 
it is not a bad plan to introduce a small 
pet cock between the two valves, through 
which any condens(^d water may be blown 
before the steam is admitted into the 
still: Fig. 12 illustrates this. The steam 
inlet pipe may be of i inch or inch 
►inteqjal diameter. This pipe is con- 
nected inside the still to one of a similar 
diameter, and of such a lenglili that it 
reaches the crown plate of the still bot- 
Jom. ‘Here* it is coupled up to a 4-, 6-, 
or 8-way piece. Into the outlet® of these 
fittings, pieces of perforated pipe, bent 
to conform to the shape of the still bot- 
tom, are fitted. The internal diameter 
of these pipes should be about J inch, 
and the holes should be drilled in such a fig. n.— s-pipe safety Contri- 
position that the ^eam, a^ it emerges, sS^-vaiv? ^ 

impinges upon the plates of the still bot- * 
tom. The pjtch* of tl^e holos should be 6 inches, and they 
sliould be drilled On each side alternately, an occasional one 
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)eing placed right underneath. The end of each steam;pipe 
hould, course, be closed by a plug or cap. As regards the 



engths of the perforated pipes, the^e often have to be deter- 
uined by a working experience still •into which they 

ire put. It is often found that coking wiM take place to s 
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greater extent on one part of a still bo|;tom than another, and 
sometimes even in the trough or channel, and when thft> occurs 
it is necessary to arrange that jets of steam filay upon these 
parts. Several methods of arranging these pipes are shown 
diagrammatically fn Fig. 13. 



I'lG. 13. — Airangcmcut of Steam pipes. 

« « 


To couple up the charge pife to the still, a casting often 
termed a charge blhck is provided.' This fitting is riveted on 
to the still, either just below the point from which the still top 
or dome springs, «r just ^bove that point on the dome itself. 
Of the two positions the latter is the better, in any case so far 
as minimisijig *corrosion is. concerned. In the writer’s ex- 
perience, with ihtets fitted to the still side there has always 
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been se^otis corrosion. • A good type of charge block and^wo 
methods of fitrip^ it to the still are shown in Fig. 14. 

In order tq prevent overcharging, the still should be fitted 
with a dipping cock or an overflow tap. The^latter is preferred 
by some ; and if it is desired to fit it 
to the still, it should be placed at 
the full-charge level. Aif arrange- 
men'l for carrying away any tar which 
may overflow should, of course, be 
provided. If the still is charged 
,,from a preheater, or a blow-boiler 
which contains an exact still charge, 
then an onxtAow tap is not neces- 
sary. It is contended by some that 
a (lipping tap is unnecessary ; but, 
particularly in the case of stills 
charged by preheaters, it is advis- 
able to use this fitting, as there 
is a possible chance di the charge 
pipe between the preheater and the still becoming stopped, and the 
use of the dipping tap provides a ready means by which the still- 
man cai find out that the still is charged anS also approximately 
check the volume of tar in the still. The dipping tap may be an 
ordinar^^ i-inch cast-iron plug-cock, and it is advisable to rivet 
it to the still by means of a flange. A combined steam inlet and 
dipping tap block is shown in Fig. 12. The dipping rod can be 
made of narrow flat bar iron. For an overflow cock some^ 
prefer to use a i-inch brass or gun-metal bib-cock, but as these 
metals are so easily corroded by HgS, NH4CI, etc., it is, in the 
writer’s opinion, best to use cast-iron 
gland cocks for this purpose. 

In order that men may enter the still 
for cleaning purposes, conducting repaH^T 
and making inspections, it is necessary 
to provide^hc still with a manhole and 
a lid to cover it. As there is aji element 
of danger to the workman while he is 
inside the still, it is advisable to make 
the manhole ratli^jr larger than the regu- 
lation sije employed by boilermakers. 
The reason for this is. that should a man 
become “ gassed ” and have to be hauled 
out of the still at the end of a rope, great difficulty would be 
experienced in dragging the man through •a regulation size 
manhole, and in cases like this rapidity of action is of the utmost 
importance. Oval manholes of 18 ihdhes by iz inches could be ■ 
used with advantage. 

C 



Flu. 15 —Manhole and Lid, 
Wrong Type. 



1 iG. 14. -Diagram showing Methods of 
hi ling Ch-irgc Blocks to Still. 
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I't is a common practice to construct manholes as shown in 
Fig. 15. This is an expensive and also unsatisfactory design. 
Owing to the large amount of surface exposed to the cooling 

influence of the atmosphere, 
excessive condensation takes 
place in the casting, and the 
condensed vapours trickle 
down the side of the still. 
This brings about excessive 
corrosion. There are cases 
which have come under tho 
writer's notice of still plates 
having an original thickness of 
jj inch being corroded through 
in eighteen months. The best 
type of manhole and lid to 
employ is shown in Fig. lO. 
This design enables the stili- 
man to cover the manlid 
completely with lagging, for 
instance a silicate cotton mat, 
after he has drawn the manlid tight. There are no pro- 
jecting surfaces, and even if lagging is not used, the risk of 





Fig. 17. — Butterfield Cock. 
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condensgftion is very much less than if the type shown in Fig. is 
is adopted. ' 

The tail-pipe or run-off pipe should be constructed of wrought- 
' iron or mild steel, and should be riveted to the still casing and 
channel plate. One example of how this is done is shown in 
Fig. 12. The portion attached to the still must be carefully 
flang>i!d, and tjj|e rivet holes drilled, not punchcih It may be 
4 inches; or 6 inches in diameter, and not less than 18 inches 
long, and should be provided with a flange, welded on, in ofder 
to connect it with the run-off cock. The run-off tap may be 
*bf the main cock or Puitterlield type (Fig. 17), and the plug 
should have a full- way. In the experience of the author 
cast-iron gland cocks do not give such satisfactory results. It 
is advisable to place an expansion joint between the cock and 
the pipe which connects it to the pitch cooler. 

In this country thermometers are flot often used with tar 
s^lls, but should it bt‘ desiivd, it is advisable to enclose the 
thcrhiometer in a case or tube. The lube may be constructed 
of wrought-iron, welded at the bottom, and a few holes drilled at 
that point. The top portion should be provided with a flange, 
by means of which it i.; riveted to the still dome. It should be 
placed a.^ near the swan-neck stool as possible. The thermometer 
is of course provided with a collar, so that it can be screwed into 
the tube and thus prevent the escape of vapours. 
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PLANT USED IN THE DISTILLATION OF TAR (contimxd) 

Still foundations — settling — ash-pits — fireplaces — settings— curtain arch 
• — flues — burners for.gas firing — ^gas sewer — coal v. gas firing. * 

It is important that tar still foundations should be good solid 
ones. Before erecting a single tar still, or a battery of them, 
careful consideration must be given to the choice of a site. If 
not already known, the 'state of the ground should be examined, 
and if it is found to consist of soft gravel, moving sand, or soft, 
wet clay, then the position should be rejected : compact gravel 
or hard, dry clay are the best to build upon. On good solid 
ground of this description a foundation made of properly 
prepared concrete, and of a thickness between 6 inches and 
9 inches, will be found quite suitable. It should be borne in 
mind that in cases of foundation building it is as well to err on 
the side of safety, and should there be any doubts as to the state 
of the natural foundation, a thicker concrete foundation, or 
one made of reinforced concrete, should be put in. Although 
cheaper, lime concrete must never be used, and cement which 
has become damp should be studiously avoided for concrete 
making. Due regard must be paid to the time taken for cement, 
concrete to set : if, after a lapse of twenty-four hours, it is found 
to be soft, the lot should be pulled out and replaced by a better 
;r.ake. Every endeavour should be made to avoid excessive 
settling of a tar stiU, for if this takes place, many difficulties 
will subsequently arise. Tihe making of a satisfactory joint 
between the swan neck and the condenser coil will not be 
poissiblei the incoi^iplete draining away of the pitch from the 
still, and serious cracking of>'the flues, are some of the troubles 
which will be brought a^out. 

To a very large extent the efficient working of a tar still 
depends upon the care used irf the designing and building of the 
flues and the setting of the still. Bad designing and careless 
• building will result in one, several, or all of the following troubles : 
{a) An excessivei consumption of fuel ; (h) a prolonged operation, 
resulting in extra labour, expense, etc. ; (c) boiling over at the 
commencemeht of the operation ; (d) burning of the still casing ; 
{e) increased corrosion, owing to unequal heating producing 
strain or to sevvre heating of plates not covered with liquid ; 
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(/) bringing down or burning out of the still bottom. As i^uch 
attention should be paid to fuel economy in connection with tar 
stills as with steam boilers. It is quite*possible in a large works 
to bum per annum 600 tons of coal over and above the normal 
'• quantity, should the flues be improperly built* This is no small 
item. 

The flues and the fireplace should be constructed of the very 
best* firebrick j,nd fireclay ; easily fused firebrick, will cause no 
end of .trouble if used. Those bricks having a melting-point of 
about 3000° Fahr. are the best to employ. For outside wofk, a 
non-absorbent brick must be used, and brindled or Staffordshire 
^'blue bricks prove very satisfactory in this case. The object of. 
using this type of brick is to prevent the absorption of moisture 
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during rainy weather, for if tliis takes place, serious crackit!§ 
of the brickwork will inevitably follow. In a battery of stills 
the spaces between the outside of Sie flues and the straight edge 
of the outer wall (see Fig. 18) should never be filled in jvith 
grouted broken brick or concrete, J>ut should be built in properly 
with common brick set in ordinary mortar. The mortar should 
not be laid too thickly between the bricks, either for the inside 
or outside work : a thickness of*i^ inch is ample. This remark 
applies also to the fireclay used in setting the firebricks. The 
firebricks must be clean and free from dust before la5dng, and 
if very dry they should be moistened with water, otherwise the 
fireclay will not adhere properly to Ifliem. The writer recom- 
mends pointing the outside work with nea1> cement, and 
covering that at the top with cement rendermg rdughed with * 
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a lij-tle sand. The object of roughing is to minimise the risk of 
the Stillman and his assistants slipping when walking on the 
still top. It is advisable to build the top blickwork with a 
slight fall towards the edge and to put in an overhanging coping 
of round or bull-m^se bricks (see Fig. 19). 

The thickness of the ordinary brickwork outside the flue 



should be at least 18 ihcfies. In the case of a single still, this 
brickwork may be built round the flues, forming a cylinder. It 
is necessary to strengthen the brickwork by encircling the same 
with straps or bands made of flat bar iron. The brickwork of a 
battery of two or, more stills will remain in excellent condition, 
and not develop serious cracks, etc., if strengthened by means of 
buckstaves and tie-bars. , ^ 

The structure from the concrete foundation to the under 
o 
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portion of the floor of th« combustion chamber is built of ordinary 
brick. It is necessary, however, to build the floor of the com- 
bustion chamber with firebrick. This kind of brick is also used 
to build the still seating, and, of course, the flues. In the lower 
portion of the structure, an opening is left for the ash-pit, the 
floor of which should be, for preference, on a level with the* 
ground. Some tar distillA-s prefer to build the ash-pit below 
grodnd, but i» the writer’s opinion this method ‘is not so safe 
as the* former, should the still bottom sprhig a leak, and the 
ignited tar commence to run rapidly into the ash-pit. it is 
.*much easier to put out a fire with sand in the case of an ash-pit 



built on the floor h vcl than one jpuilt below ground. The hre- 
bars are of that pattern employed for burning small coal (slack 
or smudge), and are supported on bearing bars and provided 
with a dead plate, as usual. A cast-iron cToor frame is built in 
and arched over during the building pf the front portion of the 
external brickwork. * 

The still is supported on afi annular ring of firebrick, built 
several courses high, and sprung from the floor of the combus- 
tion chamber (see Fig. 20). At a point opposite the fire door 
position, openings are left for the purpose of flowing the passage 
of flame and hot gases to the flues. The portions of the channel 
plate of the still over these openings in the anmilar jing must be 
very carefully protected by building small h-ick arches undef 
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thcKi (see Fig. 22), otherwise the metal will soon suffer severely. 
With reference to the size of these openings, they will vary 
according to the dimensions of the still, one 9 inches from the 
base to the top of the arch rise by i foot 6 inches wide will prove 
large enough for most purposes. In between the top of the 
arch rise and the channel plate of the still at least 12 inches of 
firebrick should be built. It is advi?»ablc in most cases to pro- 
tect the bottcfm of the still with a firebrick arch, « known techni- 
cally as a curtain arch. This arch is sprung from the annular 
ringrjust referred to (sec Fig. 22), and is of course built of the 
best quality of firebrick. The arch should be built in such a^* 
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Fio. 21.— Diagrammatic Representation of Gas Inlet and Outlet in Smgle Wlieel Flue (plan). 


fa?»luon that it provides approximately 4I inches of brickwork 
against the still bottom. Sof.ie tar distillers prefer to leave a 
small air space between the firebrick and the still bottom ; the 
writer can recommeivi this method in cases of bad tar. 

In order that the pitch can be run off readily and the still 
drain well it is necessary to place the still on its seat with a fall 
towards the tail or run-off pipe^. This may be approximately 
J inch to the foot or, say, for a still pf 9 feet 6 inches in diameter, 
4i inches. The run-off pipe and cock are liable to become 
“ set-up " with a plug of cold pitch at times, especially during 
cold weather. Tor avoid this trouble as much as possible this 
appendage to t^e still must be protected from draughts and 
cold air. This is done by building in the greater part of the tail 
pipe and construdting a brickwork recess to cover the run-off 
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cock. Into the recess, §.nd covering the cock, a quantity of 
sand is flaced before commencing the distillation. Should by 
any unlucky ch^ce the cock become “ set-up,” then a little 
cotton waste saturated with creosote can be placed under it 
and ignited, and the heat from the combustton will melt the 
pitch and set the cock free. 

Of the several types of flme, that known as the wheel flue is the 
best; ' This kiq^ of flue is built single or double •according to 
the size*ol the still : a single flue being used for small stills up to 



15 tons, and double flues for the larger sizes. In the case of 
double flues two openings must be built in the still seat instead 
of one, in order to spht the hot gaftes and send them in opposite 
directions round the bottom of the fliic. These openings need 
not be quite so large as that of the hot gas exit of a single wheel 
flue. Immediately above the irch over the firebars a 9-inch 
mid-feather or baffle wall is built to the total height of the two 
flues. On each stfie of this mid-feather an opening is made in 
the lower flue cover, in order to allow the hot gases to pass into 
the upper flue, the mid-feather causing the gases to flow in two 
directions towards the back of the still, where thSy qome to the 
downtakes, which in turn lead to the main fliffe. A damper is 
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alA^?iys fitted in the downtake to regjilatc the combustion of 
the fuel. The top flue is covered in by overstepping several 
courses of firebrick, or using firel)rick flue coders, i.e. slabs of 
firebrick known as burrs. Tar still flues are generally built 
9 inches or 12 inches wide, and of a depth varying with the size 
of still. 

In a single whec'l flue the mid-^eather or baffle wall must 
be built in between the gas inlet to the flues ani', the downtake, 
ill order to cause the hot gases to encircle completely <]ic still 
(se^ Fig. 21). The width of the flue may be the same as that 



of the double wheel flue, and it is covered in in a similar manner. 
Whether double or single wheel flues arc built, it is advisable to 
protect the bottom portion of^the still shell with a few courses of 
firebrick when very bad^tar has to be worked. In order that 
this may be done it Is necessary to recess the outer bottom 
portion of tlie flue. Fig. 22 fUustrates the manner in wliich 
this is carried outt To secure the most satisfactory result the 
firebrick lining of the flues should be built of circle bricks of the 
required radius. , These can be made to order, and may be 
obtained from any respoilsiblc firebrick manufacturer. 

In building the flue, it jihould be remembered that the still 
shell will expandtand contract throughout each operation . There 
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is on this account always a certain amount of difficulty in 
keeping the various parts of the flue tight. In the case of the 
mid-feathers or Itaffle walls this may be overcome almost com- 
pletely by riveting a piece of angle iron to tlie still, and building 
the firebrick on both sides of the projecting portion, as shown 
in Fig. 23. As regards the top cover of tlie flue, there is less 
difiiculty here, owing to the number of courses of brick built 
abo\% it and tl^^ manner in which the top of the s 4 ill is covered 
(see Fig. 24). Only skilled furnace builders should be em- 
ployed to erect the furnaces and flues ; ordinary bricklayers, 
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as a rule, are not sufficiently conversant with this kind of work, 
and will generally turn out an unsatisfactory job. 

If it is desired to cmplov gas for firing, careful attention must 
be given to the design and building pf the gas and air inlets, 
passages and burner. Ignition of the gets should not take place 
until it has reached the combifetion chamber, and the air and 
gas should mix just before they enter that place. The volume 
of air and gas is controlled by valves, slides, or dampers, and the 
gas is admitted to the burner passage from thtygas sewer or main 
gas flue by a mushroom valve, controlled by a spindle and 
wheel. Both the gas and air pa^^sages arc bflilt^of firebrick 
throughout, and, of course, will run parallel to "each other. 
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W^.er-air gas is generally forced into^the gas sewer from tne 
producer, and is therefore hot when it reaches the ga^-burner. 
The air is warmed a little during its passage fo the burner end 
by the hot bricks with which it comes in contact. Two methods 
of building a producer gas burner are shown in Fig. 25. The 
ordinary firegrate is not dispensed with: it is useful in case 
the gas supply fails, and sometimes us an auxiliary. If desired, 
a Terbeck oi» Cumberland burner may be empl^'yed insteJid of 
using the burners ^ust described. Figs. 26 and 27 will give a 
general idea of these pieces of apparatus. The firing of tar 
stills is dealt with on pages 46 and 47. ^ 

After the still settings are finished sufficient time should be 
allowed for the brickwork to dry out. If “ green ” brickwork 



Fig. zO.— Mixing Tube of Terbeck Gas-fired Furnace. 


J^ heated a deal of steam is generated and this, due to expansive 
icrce, brings about cracking, sometimes of a serious nature, 
which will eventually lead t^ a weakened structure and leaky 
flues. It is wise to allow one or two months to elapse, according 
to existing conditions, before starting up the fire, the damper 
being kept open all*tlie time ki order that a current of air can 
pass through the flues and assist in drying the brickwork. A 
few days before starting *the still it should be charged with tar 
and a slow fire lighted in the grate and kept going for two or 
three days. • . 

The gas sewer is built below ground, along the whole range of 
stills, and careful brick setting is necessary in order to avoid 
leakage of gas. The outride brickwork should be of best blue 
brick, and the joints made qf cement mortar, and not too thick. 
The lining is buik of firebrick, properly tied into the outer wall. 
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The sew^r is covered in • 
with a semicircuj^r arch 
of firebrick internally, 
and blue brick extern- 
ally, It is advisable to 
provide the sewer with 
sevej^al inspection holes 
about 18 inche»by 2 feet 
6 inches in size, covered 
with cast-iron lids. 

» Several advantages 
are secured by the use 
of producer gas for firing 
tar stills, among which 
may be mentioned : (a) 
The operation of distil- 
lation may be controlled 
^onaewhat more easily ; 
{b) the risk of prosecu- 
tion for making black 
smoke is obviated ; and 
(c) fe\,'cr men are re- 
quired to work a bat- 
tery of stills. A little 
more coal is burned per 
ton of tar if producer 
gas is the fuel employed, 
but the cost of this is 
not so great as that for 
extra labour if the fur- 
naces are coal fired. For 
instance, an experiment 
made pn a battery of 
tar stills run twenty 
times on coal firca and 
twenty times on gas 
fires, using producer 
nuts as the fuel in both 
cases, gave the following 
average results: — With 
gas firing consumed 1.32 
cwts. to^ per ton of tar 
distilled, and with coal 
firing 1. 16 cwts. coal per 
ton of tar distilled. The 
extra cost for coal when 
using producer gas ap- 




Fic, 27 . — Cumbciiand Patent Standard Producer Gas-burner. 
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prQj:imated o,48d. per ton of tar distilled, while yie extra 
cost for labour when the furnaces were coal fiijed approximated 
o.84d. per ton of tar distilled. 

It is convenient in this place to say a few words on the , 
subject of still fifing. As with steam boilers, the firing of tar 
* stills should receive strict attention in regard to find economy. 
It is an easy matter to secure poor efficiency with either c^l or 
gas firing, evtm if the still settings are of the fifst rrder, if the 
still fireman is careless in tlie way in which he manipulMes his 
coahfire or his gas-burner. 

In the case of coal firing many firemen are devoted to whati»' 
is known as “ spreading firing ” or " spreading,” as tliis method 
gives them the least trouble, Init it should not be allowed owing 
to the fact that it is uneconomical and blnck-smoki'-producing. 
If the practice of firing little and often is coupled with ” spn'ad- 
ing,” and if due care is taken to admit the con- ct quantity of 
air, the production of [)lack smoke is much reduced, but as this 
method means hard work it is not likcdy to r(!ceivc favour a1 
the hands of the ordinary still fin'inan. 

The best method of firing is known as coking firing,” and 
it consists in shovelling the coal on to the dead plate and front 
ends of the firt'bari?. As the fuel becomes incandescent it is 
pushed towards the; back of the grate and more ” green ” coal 
suppliixl to the front. With this method, there is little if any 
black smoke, and there is a saving in coal consumption. The 
thickness of tlie fire should not be less than 5 to 6 inches, and 
shallow places must never be allowed to form. If they do an 
ixcess of air will pass through into the combustion chamber, 
ind this will reduce the temj>erature of the hot gases, tend to 
retard perfect combustion, and raise the fuel consumption per 
ton of tar distilled. In theory, 12 lbs. of air arc required for 
?.ach I lb. of coal burned, but in practice it is necessary to,supply 
iiSJbs. to 20 lbs. for this amount of coal. To obtain the proper 
[jttantity of air, careful attention must be paid to the mani- 
pulation of the flue dampers d*nd the air grids on the fire doors, 
IS well as to the thickness of the fire and the regular cleaning 
3f the firebars. 

In the case of gas firing one of the first things to be borne in 
mind is the risk of explocion on lighting up if a very simple 
precaution is not taken, namely, jthat of placing a few shovelfuls 
of burning coal or some lighted cotton waste on to the floor of 
the furnace before lurfiing on the gas supply. Often a small 
fire is lighted on the firebars of the still furnace, using slack, 
and when well alight the gas is turned on. Occasionally small 
quantities of slack are spread over this fire, so that the firebars 
are kept covfreJ to a depth 6 i about 2 inches. 

Some prefer nbt to use a small coal fire, as just described, 
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and yet jetain the type pf furnace employed for coal firing in 
case the gas fails. What is done in cases like these is to cover 
the firebars with nrebricks, or to remove the bars and bearers 
and replace them with stopping. Of the two plans the latter 
Is the better as it gives more furnace room and hllows for a more 
satisfactory combustion. Whichever method is adopted the 
gas must be admitted grtidually until the still fireman is 
satisffed that allgthe gas coming forward will be ignil^d. 

As the gas-burners are supplied with air ports it is a much 
easier matter to regulate the air supply in order to mainkain 
jjroper combustion than it is with a coal-fed fire. The pro- 
portion of air to gas is different to that necessary for the proper 
combustion of coal. Theoretically, for complete combustion 
it is about an equal voiume, and in practice very little more 
than this is required, 'fhe best results are obtained with gas 
burners when the gas is supplied to them under a constant 
pressure, but to do this it is necessary tr’ put in a gasholder. 
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PLANT fISED IN THE DISTILLATION OF TARl' [C 07 ltinue^) 

prehealcr coils- ad vantage of preheaters-con- 
tosing coils- -^orrosion of condensing cods— condenser roil tanksi 
steam cods-jollecting and dividing boxes- -foul gas mams -melhoS 
of dealing with foul gases-^ -methods of running distillates to receivers 
-cocks- t>Ties of receivers— steam valves— pitch coolers— French 

emergency pumps-plant for 

the dehydration of tar — plant for the continuous distillation of tar. 

A PREHEAT^i (see Fig. *28) is very similar in shape to a tar still 
the only difference being that the bottom is flat. It is con- 
structed of wrought-iron or mild steel plates, and of a size to 
hold a little more than the charge for the still to which it is 
attached. As wear and tear are not very great, plates of 
moderate thickness are used in its construction; mild steel 
plates of I inch or inch are quite thick enough. The mount- 
ing consist of: («) A cast-iron charge pipe block or stool with 
a 0-inch or 8-inch hole, to which the charge pipe is connected ; 
(c>) a small cast-iron swan neck fitted on to a cast-iron stool 
for connecting to the vapour pipe, which in its turn is fixed to 
• a common main leading to a condensing worm. The swan 
neck may be 4 inches bore at the inlet, tapering to 2 inches at 
the outlet. In the wnter s opinion 2-inch or 2|-inch wrought- > 
iton steam-pipe, extra thick quality, suitably bent and connected 
to a flange, seryc.s this puqiose quite as well, (c) A i J-inch cast- 
Oron gland cock fitted near the top of the preheater/ through 
nvhich a dipping rod may be inserted in order that the workman 
can find out when the vessel is charged correctly ; if desired 
instead of a dipping tap a flange can be riveted on and fitted 
with a i|-inch plug; the plug being removed each time a dipping 
operation is to be carried ftut. {d) A wrought-iron screwed • 
flange of 2-inch bore, tq which is fitted a 2-inch wrought-iron 
overflow pipe. This ’pipe is connected to a common main 

leading to a special tar tank. ’The overflow outlet is placed in 
such a position that* at the finish of a distiUing operation a 
correct still charge of hot tar remains in the preheater '(e) A 
wought-iron pipe of 3-inch bore, which is known as the is- 
charge pipe, to which is connected a 3-inch cast-iron gland 
cock. This pf^e is placed. on the side of the preheater at the 
bottom, (f) A manhole of 18 inches by 12 inches with draw-up > 
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lid. (g) Two extra deep, gcrewed, wrought-iron flanges of 3-kch 
bore, one placed so that its centre is about 3 feet 6 inches from 
the bottom and dn the same side as the discharge pipe stool, 



iLnd the otner on the opposite side as near the bottom as possible. 
These are for admittance and egress of a condenser coil, which 
is fixed inside the preheater, {h) A safety-valve or other suitable 
contrivance. 

The condenser coil is made of 3-inch wrought-iron stejuiv- 
D 
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pip:, but it should be of extra thick ^quality, viz., ^ inch, in 
order to reduce the repair bill. The coil suffers severely from 
internal corrosion, especially the top lap ; add in the liter’s 
experience wrought-iron steam tube of ordinary thickness 

inch) has corroded through on the top lap in less than six* 
months, against i8 months if ^j^-inch tube is used. The length 
of the coil may be approximately i6u feet, arranged in say 6 laps. 
Investigations made by the writer and others i’jdicate that the 
corrosion of preheater coils is due chiefly to dissociated am- 
monium chloride and ammonium sulphide, the temperature 
at the top lap being particularly favourable to chemical action., 
The preheater is erected in an elevated position, so that the 
condensing coil may be attached to the swan neck of the still, 
and the hot tar be discharged into the still by gravity. It 
should be properly lagged with insulating materi^. 

Several advantages are secured by the employment of 
preheaters, the chief oi these being : (a) There is a saving of 
fuel owing to the fact that hot iar is charged into the, still, 
the tar absorbing part of the heat from the distillates passing 
through the preheater coil which otherwise would be lost ; 
(h) the time of the distilling operation is reduced, as : (i) some 
of the entangled ammonia water is driven off, (2) a portion of 
the crude naphtha is distilled off, and (3) less time is taken to 
bring the still “ round ” (i.e. commence the distillation), owing 
to the tar being hot when charged into the still ; (c) more tar 
can be worked in a given period, because it is not necessary 
for the tar still to cool down to any great extent before charging 
again, as would be the case if cold tar had to be dealt with. 

Connected to the outlet of the preheater coil, or, if a pre- 
heater is not used, direct to the swan neck, is the inlet end ofo 
the condensing coil proper. This piece of apparatus consists 
of laps of pipe, each lap being circular, square, or rectangular 
'"■in plan, the circular type being the most general. 4 coil can 
be made of cast-iron or wrought-iron ; the latter metal is pre- 
ferable, as the thickness o? a cast-iron coil hinders somewhat 
the cooling or warming of the distillates, as the case may require. 
Another disadvantage in connection with cast-iron coils is the 
presence of a large number of flange joints, which introduces 
frequent trouble in the nature of leaking. Wrought-iron coils 
are manufactured of considerable length in one piece, and a coil 
of this kind will do away with the chances of the distillates 
leaking out, or the water surrounding the coil leaking in, as is 
so liable to occur in the case of flange joints. The bore of con- 
denser coils may vary between 2 inches and 4 inches, and the 
length between 130 feet and 300 feet, according to the size of 
the still. ^A distance of not less than 3^ inches should be allowed 
' between each lap. As an example, for a 20-ton still provided 
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with a jpreheater about, 130 feet of 3-inch wrought -iron pipe is 
sufficient. In qrder that the coil may be cleaned, it is advisable 
to arrange for ^^-inch steam inlet, so that steam can be blown 
in after each operation. Tliis provision will also assist in loosening 
a stoppage, should this occur. The steam inlet may be placed 
at the top of the coil before it enters the condenser tank. 

The condenser coil is cftrroded from the top downwards, but 
not **10 such a#grcat extent as the coil in the pfeheater. The 
corrosion' also takes place from the outside, as well as the inside, 
especially at the top lap at the “ wind and water ” line. On an 
average the top lap, if made of wrought-iron tube of inch in 
thickness, will last three years. It is possible to cut out the 
top lap when it is corroded through and join on a new lap ; 
but if this is done, care must be taken to make a thoroughly 
good joint. The writer can recommend wrought-iron tube of 
-jVinch thickness for the construction of a condenser coil. 

The condenser tank will vary in sha*pe and .size according to 
the.type and dimensions of the coil it is intended to put into it, 
or whether the tank is to contain more than one coil. Generally 
the shape is cylindrical and of a size to contain one coil. 
Wrought-iron plate or mild steel of J-inch or J-inch thickness or 
cast-iron sections may be used to build the taiTk, In arranging for 
^he size, due allowance should be made for water space between 
the outer edge of the coil and the lank side ; 6 inches is a good 
margin. The bottom lap of the coil should not rest on the tank, 
but should have a clearance of between 4 inches and 6 inches. 
All iiich drain cock should be placed in the centre of the botton\ 
of the tank, by which to run off the water in case the tank or 
coil requires repairing, or when the tank and outside of the coil 
require cleaning. A hole must be cut in the tank bottom, 
through wliich to put the coil end. A good cold-water supply 
should be run to the tank, and the inlet pipe must extend to 
within inches from the bottom of the tank. About 2 incheg 
from the top of the tank the water overflow pipe is inserted ; it 
should be so arrang-. d that practically all of the top lap of the 
condensing coil is covered with water. The water ;nlet and 
overflow pipes may be of ij-inch or 2-inch internal bore, it is 
necessary to place a perfoi ated steam coil of one turn on the 
bottom of the tank, and a i-inch st«jam-pipe is large enough, 
This is used to assist in raising il\e temperature of the condensin§ 
water at one period of the distilling operation, and also to aic 
in the removal of an obstruction of, say* creosote salts in the 
coil, should this occur. 

The worm or coil end, after it lea’wes the dbndenser tank, is 
shaped in the form of a U in order to form a seal. • One leg of the 
seal is connected to a small cast-iroi! tank kno\yn as»a receiving 
or collecting box (see Fig. 29). This box should be covered witl 
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a cait-iron lid and water-sealed. In the lid a perfectly fitting 
sliding door is fitted (sec Fig. 29), in order that tljc workman may 
inspect the distillates as they flow from the worm end, and also 
collect samples of {hem for testing purposes. The bearing parts 
of the slide and its frame should be kept thoroughly greased. 


?0 FOUL GAS MAIN 



SECTIONAL ELEVATION. 
SHOWING BACK [INSIOE] 

Fig. 29.-» -Receiving Box and Connections. 


Two outlets arc made in the sides of the box, through which 
the distillates are run, and one outlet is provided for making a 
connection with the foul gas main. One of the distillate outlets 
is connected up id a piece.of apparatus known as a dividing-box, 
in which ammonia water is separated from crude naphtha, and 
the other U a pipe which is coupled up to the several recdver 
inains. Collecting boxes vary a little in size and shape, but for 




uoj:,jj ii> insy 1 1 lUW UF TAK 53 

most purposes 2 feet 6 ipches by i foot 6 inches by i foot 6 mches 
deep is quite l^rge enough.- 

The dividing box is made of cast-iron, is cylindrical in shape, 
about I foot 9 inches in depth and i foot 3 inches in diameter. 
It is provided with a water-sealed cast-iron HQ, in which is made 
a 6-inch inspection hole, covered with a lid, the bearing parts of 
which must be kept greased. There are two outlets, one which 
leads to a sm^^/l piece of apparatus known as a water box, really 
a watw-sealed inspection chamber, on the ammonia water main, 
and the other is connected up to the main which leads to the 


INLET PIPE 



cmde naphtha recdver. Each cmtlet is made of a sufficient 
size to insert a i-inch wrought-iron pipe at about 4 inches from 
the top of the box. The centres of the two holes are oh the ’same 
level, and the outlet pipe whicft conducts the crude naphtha 
away just enters the cylinder, and on to it is fitted a movable 
elbow to regulate the flow soijiewhat, while that which deals 
with the ammonia water bends down inside the box and reaches 
to within ij inches of the bottom (see lug. 30). The inlet pipe 
from the collecting box is of i-inch wrought-iron pipe, and is 
inserted in the cover of the diyidvig box.* A wrought-iron 
connector should be placed in this pipe in or4er to facilitate 
removal if it becomes necessary to uncover the box> 

The water box or inspection chamber (see fig. 31) is a small 
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cast-iron vessel about 8 inches by 8 ir|,ches by 8 inches deep, 
internal dimensions. It is provided with a casUiron lid, water- 
sealed, and one i-inch inlet hole at the side near the top, and 
another i-inch outlet hole at the bottom on the opposite side. 
Through the inlet hole is inserted the ammonia water pipe coming 
from the dividing box, and on to the end ol the pipe is fitted a 
movable elbow to enable tlu* workmfin to regulates the flow of 
the liquor. 1\) the outlet is fitted a i-inch wroiight-iron j^ipe, 
which leads to tJie c6mmon liquor main running to the ammonia 
water receiver. 

Jn order to comply witli tlie Alkali Acl, it is necessary to, 
prevent the discharge into tlie atmosphere of all offensive or 



noxious gases, such as are given off from tar distillates, es- 
pecially at the worm end, ami to render these gases innocuous 
in some suitable manner. The plant used in tar works for this 
purpose varies somcyvhat according to the ideas of the manage- 
ment. In all cases it is necessary to provide foul-gas mains, 
to conduct away the gases and fumes from [a) the worm ends 
and collecting boxes ; (h) the receivers ; and (c) the pitch 
coolers. Lengths of 2j-inch or 3-inch wrought-iron pipe are 
fitted in close proximity to the various pieces of apparatus just 
mentioned, forming common mains, and the worm ends,, col- 
lecting boxes, etc'., are connected to these mains by means of 
T-pieces. One, end of the common main is connected up to a 
steam-pipe, that steam may be blown through frequently for 
cleansing purposes, and the other end to an exhaust pump or 



OUTLET FOR GASES 
FITTED WITH FOUR WAV 
PIECE AS INLET 
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steam ejector, either of which draws away the foul gases, and 
delivers fhem to the boilfer furnace to be burned, or to a sp&ial 
apparatus for tr^tment with a view to recovering sulphur, etc. 
In all cases in which it is intended to burn the gases it is advisable 
to draw them through • 

a water seal of a de- 
sign somewhat simi- 
lar t» a wash-bottle 
(sec Fi^. 32). This 
precaution will mini- 
mise the risk of a 
flash back ” taking 
place throughout the 
whole system. It 
must be remembered, 
however, that if the 
ejector is not care- 
fully attended to, the 
risk bf a “ flash back ” 
taking place and pro- 
ducing an explosion 
in the seal pot is 
great. The seal pot 
should be kept fiUed 
with water to three 
parts of its depth, 
and in the cover a 
hinged lid is fitted, 
and always kept un- 
fastened ; the bearing parts being well greased with heavy 
lubricating oil, to make a more or J ‘ss tight joint. Tile 
writer’s experience of this method of dealing with foul gases 
has been a satisfactory one. A good plan, in order to see whether 
the e.xl^aasting apparatus is working efficiently, is to fit one O'i 
two manometers into the main in ^itable positions. 

Owing to the corrosive action of the foul gases, the wear and 
tear on the cones of the ejector is very considerable, .The 
writei strongly recommends the use of malleable iron cones in 
the place of gun-metal, wiiich is often used. The figures given 
in Table XIV, the average of several experiments, will support 
tnis recommendation. 



Fig. 32.— Seal Pot for Foul Gas Main. 


TABLE XIV 

GSn-metal. Malleable iron. 

Diverging cones lasted . f months ^3 months 

Converging cones lasted . 8 „ >24* 
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Some distillers prefer to deal with the foul gases by passing 
them through an oxide purifier, more of less similar to a^asworks 
plant but on a smaller scale. The oxide is revivified as usual, 
and eventually sold for the manufacture of sulphuric acid, 

A method of. purif5dng foul gases by scrubbing with water* 
and then passing through absorbing towers containing hydrate 
of iron in suspension in water wa;* devised by J. Craven and 
W. H. Coleipan, and published by them in the Journal the 
Society of ChcmicQl Industry, vol. xx. p. 200 This„mcthod 




Fig. 33.— One Method of connecting Conunon Mams to Receivmg Box.* 

*. 

is certainly a very safe one, £Mid by it any ammonia, light hydro- 
carbons, and sulphur in the gases are recovered. 

The various distillates from a battery of tar stills are led from 
the collecting or separating l^xes to common mains, the latter 
being connected up to ^le receivers. Each of these common 
mains should be provided with a i-inch steam inlet at one end 
for the purpose of introducing steam for cleaning after each 
operation, and to ‘assist in removing obstructions should these 
occur. Endeavour should be made to keep the cocks which < 
control the flow .of the various distillates from the collecting 
box to the common mains as near one another as possible, and 
they shoul(} b’e suitably marked ; it saves time and prevents 
mistakes. A method of doing tliis is shown in Fig. 33. 
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The internal diameter of the common mains will vary accyrd- 
ing to tne number of sfills feeding them at one time ; from 
2 inches to 3 inches is generally found suitable. Connections 
between the collecting boxes and common mains may be of i| 
inches to 2 inches internal diameter. • 

Good cocks should be put into all tliese mains, and also all • 
the pumping mains about a»tar distillery. Those made of cast- 
iron ftre the bc^ to use, and the most satisfactorji type is that 
known ^s the Butterfield cock, (k-nerally cast-iron gland cocks 
arc employed, but unless the glands and packing are carcfiilly 
and periodically attended to, leakage of a more or less serious 
Character will take place. A cock of the Butterfield type (sec 
Fig. 17), if properly put in, requires very little attention, and it 
will not leak even in a main through which hot creosote oil 
and steam are continually passing. The writer has in his ex- 
perience known gland cocks to require attention every two or 
three days, and the packing seeing tT) about every month, 
Vihereas a Butterfield cock put in the same main required no 
attention or packing for a period of one year and nine months. 
No leaking took place from the latter cock, but from the former 
serious leaking often occurred. 

It is of course necessary to provide a receiving tank for each 
fraction taken off the tar. The number will, therefore, vary 
according to the manner in which the tar is worked up, or the 
nature of the tar distilled. Generally there arc seven receivers 
provided, one for overflow tar and one for each of the following 
distillates : ammoniacal liquor, crude naphtha, light oil, light 
creosote, heavy creosote, and anthracene oil. Flat -ended boiler ' 
tanks {i.e. old steam boilers from which the tubes have been 
drawn and the ends blanked) make very suitable receivers. 
They must, of course, be in first-class condition, free from all 
poor seams or thin plates. It is not possible to give any 
definite figure as regards size, as this must necessarily vary * 
accordiiig* to the quantity of tar worked per day and the amourif 
of storage room. For a works distilling say 100 tons of tar per 
day, receivers of an average capacity of 8000 gallons will be 
found quite suitable. Some works use specially made* tanks of 
a size just sufficient to hold a little%nore than one of the various 
fractions worked off a single charge of tar. This, it is contended, 
enables the manager and workmen to check in a more efficient 
manner the yield of the several fractions from the tar. 

All but the crude naphtha and ammortia teceiver should be 
provided, with a closed steam coil. One turn of i-inch steam- 
pipe covering the whole bottom of tl^c receiver will be found 
sufficient, provided an efficient steam trap is connected with the 
exhaust end. Each receiver must have a manhole, vhich, with 
all the other openings, should be properly covdted, to prevent 
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loss by evaporation in the case of the light distillates, ^nd in all 
cases the escape of foul gases. It is desired by some to connect 
all the receivers to a foul gas main, but thi/is not absolutely 
necessary if all the openings are kept well covered. The con- 
tents of the receivers are removed to storage tanks, or washing* 
tanks, by : {a) pumps, or [h) compressed air. In the latter case 
it is necessary to supply an mr inlet and also an exit pipe, which 
must reach to within about half an inch of tl^ bottom 6f the 
lowest i)ortion of .tlie rerc'iver. It is much better to put in a 
smjLll dish ])late at the bottom, as shown in Fig. 34. Arrange- 
ments must be made to seal the receiver completely ; if this is 
not done removal by compressed air becomes an impossibility. 
For the compressed air.pipe, i-inch steam tube is quite suitable, 
and for tlie delivery or exit pipe, 2-inch steam tube is the best 
size to em})]oy. 

If it is desired to remove the receiver contents by the aid of a 



pump, then a 2-inch suction pipe should be put in. This can^ 
be arranged so that it wdl reach to the bottom, or be lifted to any 
point in the receiver. It is a general plan to connect the suc- 
tion pipe of all the receivers to a common pumping main and 
pump, cleaning the two latter by blowing steam through after 
the pumping operation is finished. Although not absolutely 
necessary, it is a good plan to connect each receiver to a special 
emergency main and pump ; it sometimes comes in handy 
when working difticulties ari#e. 

It will not be out of place here to consider briefly the subject 
of steam valves, in particular those used round about the tar 
stills, condensers, collecting boxes, receivers, foul gas mains, 
etc. The valve in general use is made of gun-metal, and is of 
course quite suitable for all positions where sulphuretted 
hydrogen, ammQnium sulphide, or ammonia vapours are hot in 
evidence. If these vajfours come in contact with the gun- 
metal shell of the valve, ;very rapid corrosion will take place, 
and a fracture* eventually occurs. Cast-iron or cast -steel stop 
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valves do not corrode anything like so rapidly, and are, there- 
fore, much* more suitable. * It is advisable to lag tlie valves, and 
also aU the stcam-^pes, with a non-conducting composition. 

Owing to the high temperature at which it is necessary to 
run the pitch from the still, it is absolutely essential to keep it 
out of contact with the atmosphere and to cool it in some manner 
or other before running it ob to the pitch bay. If this is not 
done, t 4 iere is a gf'eat risk of spontaneous combustioji of the hot 
vapours taking ^acc, and a firing of the pitchy and even if the 
temperature of the pitch is too low for this to occur, acrid vapours 
are given off in great volumes, which will cause a nuisance in 
tlTe neighbourhood of the distillery. In order to meet these 
requirements coolers made of wrought-iron or mild steel, 
cylindrical or square in shape, arc most frequently employed. 
The former shape is, of course, the most suitable, as it with- 
stands much better the great strain brought about by running 
the very hot pitch into the cool receiver.* A cooler is provided 
wiUi a manhole of not less tlian 18 inches by 12 inches or 18 
inches* in diameter ; a manlid ^ntl cast-iron lid ; an inlet 
pipe stool, to coapie up to a 4-inch or 6-iuch ])ipc, according to 
the diameter of the still tail pipe ; an outlet valve of the 
“ treacle ” or gate type of about 6 inches, or. of tlie lever plug 
type and not less than 4 inches ; and a 2-inch outlet for con- 
necting up to a foul gas main. The manlid is left loose in order 
to act as a kind of safety-valve, and it may be sealed by 
embedding into a lime-putty, or covering the bearing surfaces 
with a layer of thick grease. Old cylindrical steam boilers, 
from which the tubes have been drawn, and the ends blanked, 
answer admirably as pitch coolers, provided the plates are thick 
enough, and the riveted seams are in good condition. The 
plates of the cylinder should be of not Icsl than f inch and the 
ends I inch in thickness, or better still a thickness of J inch 
throughoift. Each cooler should be raised a little above the 
ground b v\‘l, say i foot 6 inches to 2 feet, to allow inspection 
for leakage to be made, and also to enable the air to circulate all 
round it. Il may be supported on brick or concrete cradles. 
A fall towards the outlet of about J inch to Jhe foot should *be 
allowed. • 

Pitch coolers are sometimes built, in the form of brick 
chambers, but as it is not a general practice this form will not 
be considered. * 

In a works deahng with large quantities T)f pitch, a pitch 
cooler built on the plan known as the “ French weir " will give 
excelleni: results. There are two chainbers in.this cooler (see 
Fig. 35), that marked R in the figure l 5 eing the one into which 
the hot pitch is run from the still and in which parf copling takes 
place. In the other chamber, marked C, the eooling is com- 
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pleted. When a fresh charge of pitch is run into R it pushes 
tfie cooled pitch contained in C ttirough the ouflet 0 into 
the pitch bay. 

In order to convey the pitch from the coolers to suitable 
positions in tlie pitch bay, where the final cooling and solidi- 
fying prior to “getting” or digging takes place, a gutter is 
often built under the outlets of'the<:oolers. The gutter should be 
provided \vith several outlets closed witli gatg or sluice ^valves, 
in order to direej^ the pitch into one portion of the be,y to cool 
apd solidify, while “ getting ” is going on in another portion. 
As regards the arrangement of this gutter, this will of course 
have to be made to suit the position of the coolers, and varies 
in different works. Concrete may be used to construct the 
gutter, the surface being rendered with a mixture of cement 



and sand, but it is far better to line the gutter throughout with 
brindled tiles or smooth bricks set in cement, as by^oing this 
the removal of cold pitch during cleaning is facilitated. A 
depth of 2 feet 6 inches to ^ feet is ample, and it should be level 
from one end to the other. I'he sides of the gutter may be 
14 inches or 18 inches thick, not less than the former. It should 
be so arranged t'hat the gtte valves can be operated by the 
workman in safety fropi a position opposite to that which the 
pitch runs into the bay. A method designed by the writer is 
shown diagrammatically in Fig. 36. The gate may be raised 
and lowered by means of a rack and pinion or worm and wheel 
.gear. In some works gutters are not used, but one is cut in the 
cold pitch on the bay in any desired direction. This is not a 
good plan. 

The pitch bay is situated in close proximity to the coolers at 
a lower level to them and the gutter. It should not be too deep, 




PLANT USED IN THE DIStiLLATION OF TAR 6i 

but of wi(Je area, the dimensions varying according to loc^l 
conditions and tii^. amount of tar worked up. A depth of 
2 feet 6 inches bdlow the gutter outlets is a good average ; 
pitch of a greater thickness than 2 feet is more difficult and ex- 
pensive to “ get.” The floor and sides of the Itiy are concrete 
or brick lined. As regards the floor, a brick lining placed on a 
concrete bed proves the mosft suitable. The bricks should be 
smootlf faced an<i of the best Staffordsliire blue brick type. 
They should be set closely in good cement, and the whole floor 
must be level. It is advisable to divide the bay into sevei^l 
sections, say three or four, by building 14-inch walls across it. 



I'lG. 36.— Pitch Gutter Outlet showing Gate Valve. 


If it is wished to avoid the expense of doing this, tempora^ 
partitions can be put up with wooden planks and loost 
or by leaving a wall of hard pitch ‘^rom a previous getting, 
but these methods are of doubtful value/* as the partitions some- 
times give way at most inconvenient times. The object of 
dividing the bay into sections is to allow one batch of pitch to 
cool while another is in the process of ” getting.” 

It is as well to endeavour to arrange for a private railway 
siding to run alongside the pitch bay, ^d it is «of great advan- 
tage if that siding is at such a level that the top of the railway 
trucks are practically in line with the floor of the Ijay. This 
win enable the pitchmen to wheelbarrow the pilch direct into 
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tl^e trucks and save the cost of crane, skips, a^id a crane 
driver. 

There arc times when a tar still springs "a leak, and it then 
becomes necessary to empty that still with all speed. In order 
to do this a pertnanent 3-inch wrought-iron main should be ruh 
along the back of the battery of stills, and a branch from this 



main fixed in a suitable position, so that after the connection 
between the tail or run-off pipe of the still and the cooler is taken 
apart, immediate connection with this branch can be made. 
One end of the main should be closed with a plug, and the other 
end connected to a special,pump kept especially for emergencies 
of this nature.* The same pump can be used, if desired, as an 
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auxiliary to the creosote pumps, but should always be so c^^n- 
nected that it cai> be put into use on the tar emergency main 
immediately it is ‘required. If the tar well is below ground, a 
pump is not absolutely necessary, as, the still being above 
ground level, the tar would run by force of gra?vitation into the 
emergency main and thence to the well. However, speed is a 
matter of importance at times, and then a connection to a pump 
would»prove of benefit, even when the tar well is b<ilow ground. 

Plants for tlie dehydration of tar have of late come much 
to the fore, and a brief description of Hird’s dehydrating plqnt 
will, no doubt, prove useful. One capable of dealing with half 
ton of tar per hour consists of the following pieces ; one 
still, a cooler, one condenser coil and tank, one distillate tank, 
and two prepared tar tanks, with the necessary pipes and con- 
nections (see Fig. 37). 

The still, which is constructed of mild steel, has fitted down 
the centre a longitudinal baffle, the function of which is to 
diiect the tar first down tlue length of one side of the still 
and {hen up the other side. Four tubes, which are expanded 
into the end plates, run the whole length of the still, for the 
purpose of carr3ang the hot gases with which to heat the tar. 
The far ends of the tub(‘s open into the base of a waste gas 
■stack, and the near ends form the entry for four bunsen burners, 
These burners are connected to a common gas main. To the 
still is fitted a swan neck and safety-valve, and it is also pro- 
vided with an oval manhole with a draw-up manlid, and a 
thermometer for regulating the temperatures. 

* Between the condenser and the still is fitted a cooler, or ' 
rather a heat interchangcr, which consists of two steel tubes, 
*one running through the other, the outer tube forming a jacket 
round the inner. Tar from the condense ■ tank travels through 
the inner tube on its way to the still, while the hot prepared tar 
flows thrmigh the outer tube or jacket on its way to the receiver. 

Thr r'ondenser tank is cylindrical, and is provided with an * 
inlet and outlet lor cold tar, winches used for cooling. In this 
tank is placed a ca^t-iron condenser coil, the top of which is 
connected to the vapour pipe leading from the still, wliile ihe 
bottom is joined to an inspectidli box, which in its turn is 
connected to the distillate receiver. , 

Set in a well, and on cradles, are the distillate receiver and 
two prepared tar receivers. Tfiesc vessels are cylindrical in 
shape, and they are provided with a circular manhole, an in- 
spection hole, a wire and weight gauge, and the necessary inlets 
from the condenser coil and tar coole^. Cocks arc fitted near 
the inlets on the tar receivers, so that one receiver can be used 
at a time. 

The continuous distillation of tar down to pitch is a process 
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much older than that of continuous dehydration ; in fact the 
latter is simply an offshoot of the fomler. 

One of the earliest systems of continuousHlistillation which 
received any serious consideration is Leonard’s (1888). The 
plant with which to carry out this system was designed on the* 
cascade principle, was rather complicated, and w'as an expensive 
one to erect. More recently the llird and Wilton systems have 
appeared, aryil the results obtained by them h^ve proved^ very 
satisfactory. . , 

^Hird’s patent system (Figs. 38, 39, 40, 41, and 42) requires 



the .following pieces of apparatus: A feed or regulating tank, 
four stills (Nos. i, 2, 3, and 4), a pitch cooler, four combined 
heater-coolers, five water 'condensers of the coil type, five sight 
boxes, an Oj^db purifier, an4» if the plant be heated by gas or 
producer gas, thfee sets of gas-burners are necessary. 
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I* to. 41.— Hird’s Contmuous Tar Distillation Plant. 
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The fled or regulating tank is provided with a float v^flve 
in order to maintJiin a constant head of tar in the stills. 

All the four stills are built of cast-iron, the separate parts 
thaving flanges cast on them so that they can be bolted together 
on the outer side of the still. As this type of still is not sub- 
jected to such drastic temperature treatment as a pot still, the 
inodes of heating being internal, this method of ^construction 
is permissible, and from the point of view qf corrosion is one 
which offers an advantage. Cast-iron is not attacked by dis- 
sociated ammonium chloride at anything like the rate t!iat 
ought-iron or mild steel is. Each still is provided with a 
manhole, a swan neck and vaperur pipe, a thermometer, and a 
safety-valve. Interiudly there are four baffle plates fitted 
across the width of the still in such a manner as to cause the 
tar to flow in a circuitous manner from inlet to outlet. The 
arrangement of the baffle i)Iates in Nos, 2 and 3 stills is rather 
djjferent from that iji Nos. i p.nd 4 stilE, as will be seen on re- 
ference to the diagram (Fig. 38). 

Nos. I, 2, and 3 stills are provided with longitudinal heating 
tubes, all of which are expand(‘d into the end plates of the still, 
and for each (d tliese tubes a bunsen burner js supplied. No. 4 
still IS supplied with seven lengths of open steam-pipe, all of 
which enter the side of the still. No. i .still has an inlet for 
the h('ated crude tar and an outlet for the i)artially distilled 
tar. No. 2 still is connected immediately to the outlet of No. i 
and the inlet of No. 3, and No. 3 still to the outlet of No. 2 
and the inlet of No. 4. The last still. No. 4, is provided with 
a pitch cooler outlet which is connected to the pitch cooler. 

The pitch cooler is provided with a manhole and fitted inside 
*with a baffle plate so arranged that the pitch will flow up one 
side of the cooler and down the other before it leaves for the 
pitch ba>; A cast-iron pipe is fitted inside the cooler and runs 
up one and down the other. Tins pipe conducts the hot 
tar from the heatcr-co')lcrs to the skills. A weir valve is fitted 
to the outlet of the pitch cooler so that any seal of tar in the 
still can be obtained as de sired, this being an advantage, in 
working different classes of tar. • 

The heater- coolers consist of wrought-iron tanks, each pro- 
vided with an inlet near the top and an outlet near the bottom 
through which the crude tar is •conducted on its way to the 
pitch cooler and the stills. Each hcater'^oolcr is fitted inside 
with a cast-iron coil connected at the top to the vapour pipe 
and at 1 he bottom to the top of the coil of the water condenser. 
As distillation takes place from the hlater-coolers, each cover 
is fitted with an outlet connected to a commoif main which 
conducts vapours to a water condenser. • ^ 

The five water condensers are constructed in wyought-iron 
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anti fitted inside with a cast-iron coiL The top of fhe coil is 
connected with the bottom of the heater-CQ6ler coil, and the 
bottom of the coil to the sight box. Each condenser is fitted 
with inlet and ovtlet for water supply for the purpose of cooling 
the distillates. 

Connected to t'lie coils of the^water condensers are sight 
boxes. These are provided inside with a seal to prevei>+ foul 
gases from gettii^g into the atmosphere. Each sight box is 
also provided with an outlet for the condensed distillates and 
another for the foul gas. 

The. foul gas main is connected to an oxide purifier, which 
consists of a brickwork sump filled with lime and oxide of iron. 

The plant can be heated by any known means. The 
methods which give the best results are heating by gas, using 
bunsefi burners and allowing the flame to })lay direct into the 
heating tubes, and by a coke-breeze furnace. In the latter 
case the heating tubes are connected to the furnace by mcc^ns 
of silica tubes. 

It takes about eight hours to get the plant into working 
order, after which only a very small amount of supervision is 
required. In this plant tar can be fractionated into ammoniacal 
liquor, crude naphtha, light oil, creosote oil, anthracene oil, and 
pitch, and the distillates leave the plant uniform in quality. 
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Charging preheater and still — commencing the distillation — crude naphtha 
and ammonia water stage- light oil stage— c'arbohc oil stage — 
creosote stage —an thrai ene oil or “green oil” stage introduction 
of steam —Wells' oil — method of.testmg used by stilimen- -examina- 
tion of safety-valves, etc — running otl pitch — rt'charging still — dis- 
charging pitch and piejiaration ot bay — still cleaning -dehydrated 
tar -tar lor road treatment —remarks on Road Hoard s])ecifications 
-tar tor roofing felt— continuous dehydration of tar — continuous tar 
distillation tar distillation balance-sheet^- W'orkmg costs. 

of distilling c'oal tilr is to increase its usefulness, and, 
therefore, its commercial value. Broadly considered, the process 
of distillation is the same in all works. It differs only in cer- 
tain dt'tails, such as {a) the method of testing for the “ cut ” or 
“ changv.-over point ” for each fraction, the number of 
fractions a certain tar will yield, or it is desired to collect, (c) the 
wish to manufacture s])ecial products from the fractions, (d) the 
quality of pitch required, and (c) whether it is required to make 
special ])reparations from partly distilled tar, and so on. 

far the largest portion of tlie tar which ])asses through 
a tar distillery is worked for benzols, naphthas, creosotes, * 
naphthalene, anthracene, carbolic and cresylic acids, pyridine 
and pitch, and the distilling of a charge of tar for the various 
fractions from which these products arc obtained, and for pitch, 
will receive attention before dealing with special preparations. 
It will assumed that a preheater is connected to the tar still, 
and that both are empty. 

A charge of tar is pumped into the preheater from the storage 
tank or v/ell. It is desirable to work well settled tar, as some of 
the emangled ammonia water wi^l have separated tef the top, 
and in consequence less time will be occupied in distilling off this 
material. While charging the preheater, the manlid of the still 
should be placed into position,, the joint being made of lime 
putty ,• a mixture of slaked lime and wa^r of the consistence of 
butter. The condensing worms, mains to Ihe receivers, and 
safety devices should be inspected to see if clear of obstruction, 
i.e. not choked up with naphthalene^ or anthracene salts. A 
15- to 2o-ton preheater may be charged through a^6-inch main in 
between 30 and 45 minutes. ' ^ • 

The preheater having been properly charged,* the supply is cut 
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of^, and the tar turned into the still. soon as the preheater is 
empty, the discharge cock is shut off, and a fi»e or the producer 
gas ignited. A further charge of tar is pumped into the pre- 
heater at the same time by the stillnian's mate. The heating 
up of the tar may be pushed until the swan neck becomes hot, 
but immediately that sign becomes evident, considerable care 
must be exercised in order to avoid “ priming ” or boiling over 
of the tar. * At that point, then, the fire is slackened a little, 
and the worm-end watched for the first drops of the Usitillate. 
The distillation is now proceeded with, with caution, and it may 
become necessary to slacken the fire a little more at this stagft. 
Sufficient heat must, of course,,. be supplied to keep the distillate 
flowing gently from the worm-end into the collecting box. 
Should “ priming ” unfortunately occur, damping the fire, or 
shutting off the gas, and playing or pouring cold water on the 
still top will soon stop it. It is not a bad plan to run a i-inch 
emergency water maiii^icross the battery of stills, and place in 
it several cocks and connect these to short lengths ofdio^e. 
The tar which comes over during “ priming ’’ should be turned 
into the overflow tar receiver, the openings from the collecting 
box to the dividing box being promptly shut. 

Tliis portion of the distilling operation is known as the crude 
naphtha stage, and the fraction consists of ammonia water and 
crude naphtha. During the whole time the fraction is passing 
the water in the condenser tank must be kept running, and the 
supply should be cold. The distillate drops from the worm-end 
into the collecting box and then passes into the divider, where 
the ammonia water sinks to the bottom, and is removed by the 
water pipe to the inspection box, then via the liquor main to the 
receiver. The crude naphtha flows through the outlet near the ' 
top of the divider into the main, which conducts it to the re- 
ceiving tank. For a while the amount of water in the distillate 
exceeds that of oil, but as time goes on the amount of the 
former decreases— the latter, of course, increasing. At tliis 
stage the temperature may' be increased a little, but it is yet 
necessary to continue careful firing. The flow of the liquor 
and naphtha into the receiver mains is regulated by raising or 
lowering the elbows, the one*^ inside the inspection box and the 
other inside the divider,' as explained on pages 53 and 54 re- 
spectively. As the amount of .water in the distillate decreases, 
so with care may th^ temperature -be raised, but not unduly 
rapidly. Towards the finish of this fraction the small quantity 
of water still coming over will change in colour from a greenish 
yellow to a blood red. 'From now the stillman should collect 
occasional samples at the worm-end, allow the oil to separate, 
and take its specific gravity. When this reaches a figure pre- 
arranged by the works manager, the outlet to the divider is 
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dosed, arid the cock on light oil receiver main opened, Tiiiis 
point is known ir^^tar worKs terminology as the “ change over ” 
“ cut," or “ turn over," point. The specific gravity at the 
" turn over " point may vary between 0.950 and 0.965. Some 
stillmen " cut " the distillate when w^ater ceases to come, but 
this method often results in a crude naphtlia containing rather 
more^heavy material than* is desirable. Tlie lengtli of time 
required to work off this distillate will vary according to the 
state of *1116 tar and the volume of the charge. With normal 
tar and a 15- to 20-ton charge, 6 to 12 hours may be taken*as 
average times, and with reference to the yield of the distillate 
this may vary between 3 and bi gallons per ton of tar. During 
the working off of this fraction the pull on the foul gas mains 
should be slight, otherwise tliere will be a loss of light products 
if a recovery plant is not attached to the mains. 

The strength of the ammonia water from the fraction is 
generally between 2 and j-J- per C(‘nl. of lotal NH^, and this pro- 
difcl is worked up at the tar distiller}-, or else sold to a linn of 
ammonia distillers. In order to avoid loss of ammonia, the 
receiver -should be kept well sealed, and the licpior removed and 
dealt with as quickly as possible. Crude na])ht]ia varies some- 
what as regards specific gravity, but it usually ranges bidwccn 
0,905 and 0.920. From it are obtained chiefly benzols and a 
little light naphtha. Full details on the working up of this 
rnateiial are given in chapters ix, x, xi. 

Soon after the “ change over ' to the light oil fraction, the 
distilla+c will begin to run from the w'onn-end in a moderately 
thick stream, and practically free from water. The temperature 
is gradually increased, in order to keep the distillate running at 
"an even rate. At times, when partly tnrough this fraction, 
some water comes over with the oil. It is not usually necessary, 
however, to slacken the firing, and the beginner should not be 
alarmed it this occurs. As the process continues, the amount 
of naphtlialene salts in the distillate increases, and it is necessary 
to keep il is material irom crystallisftig out and choking up the 
condensing coil. To avoid this, the flow of water through the 
condensing tank is stopped very shortly after the " cut " is made. 
The water in the tank then becomes gradually hot by absorbing 
heat from the distillate as it passes through the worm. Should 
the tar contain a large quantity oi naphthalene " salts," making 
tins fraction extremely “ salty," it is adyisaj^le to bring the 
temperature of the water up more rapidly by introducing a little 
open steam into the tank. Generally the water is allowed to get 
hot when the specific gravity of the dishllate stands at between 
0.970 and 0.990 at 60'^ Fahr. The " change over • point from 
light oil to light creosote varies according to the nature of the 
tar, or if it is desired to make a distillate for a special pur- 
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poise. On tliis account the Stillman^ may “cut” tl\^ distillate 
when the oil running from the worm-end <reaches a specific 
gravity between i.oio and 1.030 at 60° Fahr. The length of 
time taken to work off this distillate will vary, of course, accord- 
ing to the volume of the cliarge and the nature of the tar ; for 
a charge of 15 to 20 tons, 2] to 8 hours may be taken as average 
figures. Yield per ton of tar is '^so chiefly affected by the 
nature of the tar, and may vary between 12 and 25 gallodk As 
a little more foifl gas is given off during the working of this 
fraction, and its constituents are not so volatile as those of 
crude naphtha, it is advisable to increase slightly the pull on t^ie 
foul gas main. The si)ecific gqivity of light oil may vary between 
0.960 and T.oo() at 60'’ Fahr. 

As the distillation proceeds, the oil running from the worm- 
end begins to appear more or less yellow in colour, and the smell 
of sulphuretted hydrogen, and other foul gases, gets a little 
stronger. A greater p'ull is put on the foul gas main, and more 
heat is applied to the tar. The temperature of the water. in Mie 
condenser tank is kept elevated, as the distillate will still contain 
a fairly large quantity of naifiithalene “ salts.” Frequently 
towards the end of this fraction the oil will show a tendency to 
set rapidly solid rtn cooling, due to a predominance of naphtha- 
lene “ salts.” This fraction is known as light creosote, middle 
oil, or carbolic oil, and, as the last name indicates, is one from 
which carbolic acid and its homologues are obtained. It is not 
the only one, however, as some tar acids are recovered from both 
the crude naphtha and light oil fractions. It is advisable to 
“ cut ” earlier for this fraction if the tar contains a large quantity 
of naphthalene. The point at which the distillate is “ cut ” to 
make this fraction varies between fairly wide limits, viz., when 
the specific gravity at the worm-end stands between 1.035 
1.055 a-t 60° Fahr. and sometimes a little higher (1.060 at 60° 
Fahr.). According to various conditions, the yieltl per ton 
of tar may be between 8 and 13 gallons, and the specific 
gravity will range between* 1.030 and 1.045. The length of time 
taken to work off this fraction, say from a 15- to 20-ton batch, 
falls belween and 3I hours. 

As the process continuc*s the distillate gets much yellower, 
the odour stronger, and the tendency to set solid on cooling 
sometimes decreases. More pull is necessary on the foul gas 
mains, and heavier, firing is required to keep the distillate 
flowing from the worm-end in a thick, continuous stream. It 
is advisable to keep the water in the condenser tank hot, in 
spite of the general teRdency shown by this fraction to remain 
liquid at mqre or less normal temperatures ; sometimes it does 
not. To ■obtain what is khown as the creosote or heavy creosote 
fractfbn, the distillate is “changed over” when the specific 
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gravity a# the worm-end is about 1.070 at 60° Falir. It# is 
difficult to give definite figures for the yield of this fraction, 
or of the length of time it takes to work off; they vary very 
yiuch according to kind of tar worked, what is desired of the 
fraction, and so on. As a rough guide the yiefd may be taken 
as ranging between 28 and 35 gallons per ton of tar, and the 
time ^ work the fraction off a 15- to 20-ton batch, between 5 
and 7 hours. The specific gravity may be within tlie limits of 
1.050 and 1.065. • 

A stage in the process has now been reached in which Hie 
distillate lias a very strong odour of .sulidiides, is of a greenish - 
yellow colour, and as it flows from the worm-end in a thick 
stream ajipears viscid. I'his fraction contains antliracene 
“ salts ” and is lialde to bring about an obstruction in the con- 
densing worm, unless the temperature of the condenser water is 
high. It is advisable to keep the water at about boiling-point. 
After this fraction has been running fo* a short time, the fire 
is slackened and steam is introduced into the still. The intro- 
duction of steam helps to lengthen the life of the still bottom by 
reducing the tendency of the pitch to coke. It also reduces the 
time required for the distillation, and, if carefully managed, in- 
craases r.ie yield of oil. Passage of steam iflto the still is con- 
tinued until the finish of the distillation, which point is determined 
according to the quality of the j)itch required. It is not possible 
to give a definite point at which to introduce the steam ; it will 
vary according to the quality of tar worked, and has to be found 
by experience. Roughly the introduction stage lies between 
the points at which tlie specific gravity of the distillate at the 
worm-end tests 1.070 and 1.090 at fio'^ Fahr. Care must be 
'taken to use perfectly dry steam ; wet steam, especially if in- 
ordinately wet, IS liable to bring about a boil over. A con- 
venient pressure to employ is 70 lbs. to the square inch. The 
steam valve must be opened gradually ; steam must not be 
admitted into the still suddenly. It is advisable to let the fire 
die out, or shut off tlie gas, as the Case may be, shortly before 
the finishing point is reached, the hot brickwork and the steam 
being sufficient to continue the di^illation to the eVid.* A slill 
will continue to work for about half an hour to an hour after the 
fires are drawn, and if the precautioif just mentioned is not 
taken, there is a risk of making the pitch too hard. According 
to the kind of tar being worked, or the quality pf pitch required, 
the finishing point may vary between a specific gravity of 1.080 
and 1. 1 JO at 60° Fahr. The yield of this fraction, known as 
anthracene oil or “ green ” oil, given approximately as a guide, 
may be between 3 and 18 gallons per ton of tar, and the specific 
gravity may range from 1.070 to i.ido at 60° Fahr. • 

When it is not desired to recover the anthracene, the heavy 
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cjeosote and antliracenc oil fractions §re sometimes noi separated 
but worked as one fraction. There arc ccrtiifn qualities of coal 
tar wliich yield so little anthracene oil that it is not worth while 
attempting to pmkc a fraction. If it is desired to prepare .a 
suitabJe creosote oil for burning in Wells or “ Liicigen ” lamps, 
then tlie heavy creosote distillate is “ cut ” at about 1.053 
specific gravity at 60° h'ahr., and' a fraction collected l^^-tween 
this point And 1.075 sjiecific gravity at the same temperature, 
A good burning creosote must be absolutely free from* insoluble 
nfattcr and suspended naphthalene “ salts." It should com- 
mence to distil at about 200° C., and approximately 60 per ceirt. 
distil over by the time 260'^ G is roacluul. The specific gravity 
may vary between i.ob5 and 1.070 at 60'’ Fahr. 

In order that the stillman may test the distillate as it leaves 
the worm-end, he is jirovided with a No. i Twaddell hydrometer, 
a Fahrenheit thermoipeter with the scale inside (floating ther- 
mometers similar to those used in dairies are very suitable ^for 
the purpose), and some test jars. Tinned-iron test cans will 
prove more economical than glass test jars, which are easily 
broken. It is a good plan to arrange that the stillman has the 
“ cut ’’ or “ change over " ]X)ints givc'ii him at so many degrees 
Twaddell at loo'^'Fahr. Tins facilitates matters, and minimises 
the risk of overrunning the points, as the time taken for cooling 
the sample is less than if a lower temj)erature were used ; and it 
saves the man making a calculation in cases in which the dis- 
tillate sets solid above 60“ P'ahr. 

If safety-valves are fitted to the stills, each of them should be 
examined and the valve given a twist on its seat to keep it in 
working order. This operation must be conducted while the 
stills are being charged, or before they commence to work* 
Syphon or U-pipes, if used in the stead of safety-valves, must 
be cleaned out and filled again with water before tli^? distilling 
operation commence's. A good method of cleaning Miese pieces 
of apparatus is to blow steam through them from a jet, which 
may be fixed in a convenient place on the top of the battery of 
stills. All ^the receiver mains should be blown out with steam 
immediately after the distjjlatc has finished running through 
them, or at the latest soon after the distillation has ended. It 
is very advisable to clefin out the foul gas mains at least once a 
week, by blowing through them with open steam. 

The residue in tb? still (pitch) is allowed to remain for a 
varying period before running into the cooler. This is necessary 
in order to minimise the risk of damage to the still and its brick- 
work settings owing to fhe great heat stored up in them, to put 
less strain upon the cooler should this be of metal, and to reduce 
to a minii’num. the danger of the pitch taking fire. How long 
a period should elapse before “ running off " the pitch will 
• ■ 
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depend uiy)n circumstances : for instance, whether the coolgrs 
are built of iron piate, or (ff brick, or constructed on the French 
weir system. The quantity of pitch in the still is another factor 
in the case. As a good average time 2 1 hours may be taken ; 
but the writer is acquainted with some cases in'wliicli liours 
is the full time allowed, and with others in which 6 or 7 hours are 
allowed to elapse l)efore the ftinning-off operation is carried out. 

If file cooler is of the iron cylinder t^qie, it miist^ie prejiared 
each tinid before running the jhtch into it. Siiould it b(' fitted 
with a plug valve, the plug and scat must be cleaned and whik*- 
w^ashed. The jilug must then be placed carefully on its seat, 
not jambed down too tight. Also^the manhole should be covered 
properly with its lid, which may be lighth/ luted with lime putty. 
It is not necessary or advisable to fasten the lid down, for if it is 
left unfastened it will act as a kind of safety-vadve, v'^ometimes 
the coolers are whitewashed on the inside, but this need not be 
done if the\ are arranged so that tlv^y dr^in wt'll. Water must 
nof be. allowed to gain acc ess t(f the cooler, as it may bring about 
trouble when hot pitch comes in contact witli it. For this 
reason the manlid must be kept on during wet weather. Before 
releasing the pitch into the cooler, put a ]nill on the foul gas 
main. In hot weatluT it is a good jilan to keepthe outside of the 
cooler hmewashed, if exposed to the sun’s rays : it will retard 
the absorption of lieat, and so not hinder the cooling. 

Wlicn dischnrgiiig the pitch from the still, the cock on the 
tail pipe should be opened very gradually. If the pitch does not 
run owing to its having set in the exposed portion of the tail 
pipe, and tliis sonu'times occurs in very cold weather, then warm 
the ])i])e by placing under it a little tow soaked in creosote and 
igniting it. This must be done carefulb , A sufficient time 
must he allowed for the still to thoroughly drain. To com- 
jdctely drain the still lowers the works expenses, as it reduces 
the amo'ulj of pitch coke formed at each distillation, increases 
the numoer of times a still can be worked before cleaning, and 
minimises th^ amouni of wear on 1#ic still bottom. It is not 
necessary, nor is it advisable, to remove the manlid of the still 
before discharging the pitch ; nor need any of the connectidns 
be taken ajiart. The foul gas main connected to the coolers 
should be k(>pt at work for betw^een one and two hours after the 
pitch has been discharged into the^m. 

Alter the still has been discharged, it must be allowed to 
stand empty for a period, the length of wEich will depend upon 
the size of the still and whether it is provided with a preheater 
or not. If there is no preheater, the^flue dampers must be 
opened, in order to allow a current of air to pass rqund the still 
and cool it. After the elapse of belrween and 2 Jiours the 
still can then be charged with cold tar. It is not advisable to 
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sh^irten the time, as this will introduce the risk of ani explosion, 
and also bring about an undue straiA on the* rivets and seams, 
producing leaks. In cases in which a preheater is provided 
there is no need to draw the dampers, and the still may be 
charged again about half an hour after the pitch has been ruh 
off. The tar in the preheater being hot the danger of starting 
the seams, or of explosion, is avoided. Whether cold or hot tar 
is run into tiie still it is as well to commence the operation Slowly, 
and increase the ^peed of flow, say after about 5 or i® minutes 
has elapsed. Before commencing the next distilling operation, 
it is as well to dip the still, to check the amount of the chargp. 

The pitch is allowed to remain a number of hours in the 
cooler before it is discharged on to the bay. It is not possible 
to give a definite time, as the size of the cooler, requirements of 
local by-laws, state of the weather, and other conditions will 
affect this. In any case, it is not advisable to run the pitch on 
to the bay too hot ; s6me of the volatile matter is lost thereby, 
and acrid vapours are given off rn such dense clouds that they 
create a nuisance. A good temperature at which to release the 
pitch is 260° Fahr. When there are several coolers to discharge, 
it is best to release one of them at a time. Arrangements should 
be made to run tliii pitch on one portion of the bay only, by this 
method allowing a previous running to cool while another section 
is being dug. The pitch must not be run on to the bay too thickly : 
12 to 18 inches is an ample depth. Much above this thickness 
will take an excessive time to cool, and is not dug so easily. 

Before running off the pitch from the coolers the bay must be 
properly prepared to receive it. It is necessary to lime or chalk- 
wash the bottom and the sides if these are of brick or concrete. 
Sand must not be used ; the buyers do not appreciate it. The very 
thinnest wash of lime or chalk-milk is all that is necessary. Every 
endeavour must be made to keep water off the bay, at least just 
previous to the discharging operation and while that going on. 
The effect of water on hot pitch is to fill it with vapour cells, or in 
other words to make it cclKilar, This appearance is not sought 
after by buyers. There is of course the difhculty of coping with 
we‘t wesfther. The best plan to adopt on a wet day is to lime- 
wash the bay a lew minuted before discharging the pitch, and 
then run it on to the bay as quickly as possible. If the pitch is 
run to the bay via a gutter, ^ee that the gutter is limewashed 
and cleaned out after .f*ach operation.. 

After a still has lieen worked a number of times, varying 
according to the state of the tar, the care with which the still 
was set, and the amount* of draining after each operation, it must 
be cleaned. , A good average is seven times ; often a still is 
cleaned aiter working four times, and cases occur in which it 
,s not cleaned until it has worked eighteen times. The money 
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and time 3 f)cnt in frequent still cleaning cannot be considered as 
wasted. It brings ^about i saving in fuel and increases the life 
of the still bottom, both to a considerable degree. In the 
ejeaning operation, the mixture of partly coked pitch and free 
carbon must be cleaned or scaled off the still bbttom and sides 
very thoroughly, taking care to remove any which may adhere 
to riv^ heads or find lodgmeftt in seams. Tlie formation of this 
scale is due partly to the heat retained in the brickwork sur- 
rounding •the still coking tlie tliin layer of pitch left in the still 
at the end of the “ running off ” operation, and partly to “ free 
carbon ” which deposits and adheres to the bottom during the 
first and intermediate portions, of the operation. For the 
scaling of stills, the following tools arc in general use : short 
or miner’s picks, straight and cross pane 4-lb. hammers, and 
chipping chisels. 

It is very necessary that certain precautions be taken to pre- 
vent accidents to workmen during the < leaning process. The 
still should be completely isolated from adjoining plant by dis- 
connecting the swan neck from the condenser worm and the 
tail pipe from the j^itch cooler. If there is not a small con- 
necting pipe which can be removed completely, then a blank 
flange should l)e placed between the disconnt?cted flanges. In 
cases in which the still is connected to a preheater the cock on 
the charge pipe must be locked or a blank flange used, as. 
just described, on the still side of the cock. The manlid 
must be removed shortly after tjie jntch has been run off, 
and it is as well to drive out the foul air by blowing steam 
into the still. Sufficient time must be allowed for the still to 
cool before an entry is attempted. The length of tim(; will vary 
according to the size of the still, the tiir 3 of the year, and 
whether the still is one of a battery or the only one. It is best 
found by experience, but as a guide, 30 to 48 hours are general 
in tar-dis^4lling practice. A responsible person should inspect 
the still before a workman is allowed to enter. The workman 
who enters the still must have a bdt fastened round his body, 
with a rope attached. This belt is best made of stout webbing, 
and prox^ided with two wash-leather pads on the spots which 
come under the armpits. In order that the wearer may be 
drawn up head- foremost in a case of “•gassing,” the belt must 
be worn well up to the armpits. , Two men should be on duty 
outside the still, having charge of the fi^e end of the rope and 
keeping watch on the workman inside for* ahy signs of “ gassing.” 
The ladder which is used to descend into the still is provided 
with two straight hooks at the top, which fit over the manhole 
edge, and thus prevent slipping. , 

Prepared and dehydrated tars art used for many purposes, 
the chief of which is for road treatment. Among the minor uses 
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miiy be mentioned its employment in the manufacturi of roofing 
felt, electric arc -lamp carbons, and* the lin>iigs of convlTters 
used in the basic Bessemer process. Most of the specifications 
to which these prepared tars arc made are the private property 
of inten^sted firins. 

Dehydrated tar is made without difficulty by distilling off 
carefully all the water {('utanglcd timmoniacal liquor) and with 
it, of course? tlic crude naphtha, from a charge of coal tar. After 
these products Ifave distilled off, the fire is drawn,* dampers 
opened, and th(' still allowed to rest for a few hours, when the 
dehydrated tar may be pumped into a storage tank, railway taiik 
wagons, or filled into barrels. , The connection between the still 
and the ccjoler must, of course, be broken, and the tail pipe of the 
still fitted up to a main connected to a jmmp, and also by-passed 
to a barrel filling stand-pipe. Sometimes tar which has been 
kept in stock for a considerable time is called dehydrated tar, 
but in the strict sense\his is not a correct term, as this kind of 
tar will contain a certain perc(?ntage of entangled water, ‘in 
spite of long standing. 

As already mentioned, by far the greater quantity of pre- 
pared tar is used for road treatment, and therefore chief con- 
sideration will be* given to it in this connection. A batch of 
prepared tar, suitable for road treatment, may be manufactured 
as follows. Twenty tons of gas tar are charged into a still, 
and the ammoniacal water, crude naphtha, light oil, and middle 
oil distilh^d off, as described on pages 72-74. When the dis- 
tillate at the worm-end reaches a specific gravity of 1.045 at 
60 Fahr. the fires are drawn, or the gas shut off, and the dampers 
opened. The contents of the still are allowed to stand at rest 
until the temperature reaches about 2*50° Fahr., and then 
2300 gallons of heavy creosote of a specific gravity between 
1.060 and 1,065, and free from “ salts” and water, are added. 
Thoiough agitation of the mixture is necessary. The creosote 
is added by pumping it through the tail pipe of the still, and 
agitation is brought about* by blowing a gentle current of air 
into the still through the same pipe. A far better plan, and one 
which w^ll not hold the still up while the half-finished material 
is cooling to 250“ Fahr., is to provide a cylindrical boiler tank 
of suitable size as a mixing tank, and run or pump the material 
from the still into this. It should, of course, be allowed to rest 
for an hour or two iii'thc still before -running into the mixing 
tank. This tank* can be fitted with a mechanical agitator, or 
the agitation be carried out by blowing air into the material 
through a perforated pipe. After a thorough mixing, the pre- 
pared tar ma;y be pumped into railway tanks or to a storage 
tank, or filled ipto barrels for despatch. As it is often required 
that the' prepared tar be filled into tar spraying machines hot, 



DISTILLATION OF COAL TAR 


8i 


it is a go(id jdan to place the storage tank in an elevated posi- 
tion. and provide it with a dosed steam coil. By this means 
the tar can be riiminto the spraying macliine by force of gravity, 
and hot. Tlie specific gravity of prepared tars may vary between 
!t.i6 and 1.125 at 60" Fahr. • 

During the last few years there has been a considerable 
amount of discussion on lhe.subjcct of tar preparations for road 
treatment. The Road Board issued in April igri a set of 
general c|jrections and specifications relating tuthe tar treatment 
of roads, and these directions and specifications were reviged 
in 1914. The chief items in the tar sj)ecifications of interest to 
tar distillers are those wliich relate to : (a) the source of the 
tar ; {h) tlie specific gravity ; ‘{c) freedom from water ; (d) 
fi actional it)n ; (c) amount of phenols ; (f) free carbon content. 
Briefly. tli(> specific gravity must be high, the amount of water 
and phenols soluble in water low, and the free carbon must not 
be higher than 20 to 21 i)er cent. If i\w reader desires further 
piiffticulars he is referred to ilut literatun^ on tin*, subject, among 
which are the publications mentioned in the footnotes.^ 

The experience of ])ractical tar distillers, which the writer 
('an corrol)oratc, shows that it is not possible for the tar distiller 
to pioduce tnm; some cnrle tars a prepared t^r that will answer 
the specifications laid down by the Road Board ; and yet tars 
can be manufactured at these works which, when used on 
roads, give results ec^ual to any that answer the Road Board 
specifications. For exami)le, the fenr tars A, B, C, and D in 
Table have been used largely for road treatment, all of 
them gi\mg excellent results, and yet when compared with the 
Road Board specification only C and D answer it. 


TAliLE XV 


Koad Tars 


! i 

Road Board specification. 

' .A lat. 

B tar. C tar. | D t.ir. 

! 

1 Below lyo'i'. 

• 

not more tlian i 

nd 

1 ”(, i nil , nil 

20 "0 23 % 22*‘'(, 

' 170-270"' (' 

f not less than to ‘g, ) 
i not more than 20 f 

"0 

1 270-300'’ C i 

i 1 

/ not less than 3 y 

(not more than 10 % j 

,.7% 

y ‘.’0 i 10 % 4 % 

i ' 1 ' 


^G.'neral Directions and Specifications rcUtiy^ to the Tar Treatment nf 
Roads ; Road Board. Waterlow & Sons, Ltd. ^ ^ reaimefit oj 

“ Improvements of Highways to meet Modern Condition of Traffic ” bv 
T. W. Smith, Proc. Inst. C.E. Senes 1910-11. . ' ^ 

“Up-to-date Roads.” by R. O. Wynne Rol^rts. Trans. Soev Eners 
May 1910, vol. 1. No. 5, 

Investigations on Coal Tar and some Qf it3 Products * A R WamM 
and W. B. Southerton, Trans. Midland Junior Gas AssoetaiinJ 
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As a mattej of fact A tar has been used on roads subjected to 
very heavy traffic and it has stood wi 11 for a period of two years. 

TABLE 


Use 


Origin . 


Specific givavity at 
59° F. 

Content ot water . 


Frachonation (yarn 
one-litre flask •- - 
Distilling below 
558° F. 

Distilling bctw'oen 
338“ and 518^' F. 


Distilling between 
518° and 572" F. 

Total distillate be- 
tween 338° and 
572° F. 

Distillate between 
51 8‘' and 599^" F. 


Free carbon , 


Tar No. i. 


Surface tarring of 
roads. 


Jiituniinous coal 
alone, or, with not 
more than 10 per cent, 
of its volume of lar, 
etc., produced in manu- 
facture of carbiiretted 
water-gas. 

1. 16 to 1.22. 

Mot exceeding i jier 
cent, by volume ; the 
water present not to 
contain more than 5 
grains total ammonia 
per gallon of the tar. 


Mot more than i per 
cent, light oils. 

Between iG and 20 
per cent, middle oils. 
This shall remain free 
irom .solid matter when 
kept at F. for 30 
minutes.^ 

Between 3 and 10 per 
cent, heavy oils. 

Between 24 and 34 
per cent. 


Between 1 2 and 2 1 per 
cent, by p^cight, when 
v,xtractcd by benzol 
and carbon disulphide. 
(Residue from extrac- 
tion is “ free carbon.”) 


Tcir No. 2. 


For making tar mac- 
adam, or siivface tar- 
ring of roads m very 
hot weather. 

Bituminous coal 
alone, or with not 
more than 25 per cent, 
of its volume of tar, 
etc., produced in manu- 
facture of carburetted 
water-gas. 

1 . 10 to I 2 } . 


Not more than i per 
cent, (light oils and 
water, if any). 

12 to 18 per cent. 
Shall remain clear 
when kept at 77° F. 
for 30 minutes, and not 
contain more than 2 
per cent phenols. 

6 to 10 per cent. 

21 to 26 per cent. 


12 to 22 per cent, by 
weight. 


^ This requirement may be waived in the case of tar direct from gas- 
works, but :tar from which the naphthalene has been extracted is preferable 
to tar containing’ much naphthalene. This " middle oils ” distillate is re- 
quired further not to yield to caustic soda more crude tar acids (phenols) 
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The foliowing specifications (Table XVa) for tars, pitches, and 
tar oils have been issued by ' he Road Board (2nd Edition, 1914) 

XVa 


Prepared pitdi frnm 
tar distilleries. 

Commercial soft pitch. 

___ ._iL_ 

i 

Tar oil. j 

Pitch groutiHf^ 

• 

Pitch grouting 

For softening com- j 
mcrcial soft pitch for 1 
pitch grouting. • 


As for 'I'ar No 2 

A filtered green or 
anthracene oil ; origin 
as for Tar No. 2. 


• 

. . 

• 

1.005 to 1 085 at 
08" F' 

Shall be commer- 
cially free from light 
oils and water. 

• 

Not nuic than | 
per cent, distillate 
below 518“ F. 

Not more than I per 
(cnt. distillate below 
5 t8 ‘' ¥. 

Not more than i per 
cent, (light oils and 
water, il any). 

Jfelow 518° F., not 
more than 30 per cent, 
(middle oils, light oils, 
am' water). 

« 

2 to 5 per cent. 

• 

Below 020'" F., not 
le.ss than oO per cenf. 
total distillate. 

lO to 28 per cent, 
by weight. 

18 to 31 per cent, by* 
weight. • 



than is equivalent to 3 per cent, of the tar (by volume).* "i^hc original 
publication (Waterlow & Sons, price 8d.) should be consulted for details 
of the method of distillation, etc. 
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( Some manufacturers of road tars advocate the ?iddition of 
crude naphtha to these preparatito. Tlus should not be 
tolerated, as crude naphtha is a valuable benzol, toluol, and 
naphtha yielding material. If ever middle oils are employed 
in the manufacture of road tars they should be deprived of the 
useful phenols first. 

A tar for the manufacture of ro'jfing felt may be prepared by 
distilling a charge of coal tar until the distillate at the woim-end 
tests 1.050 at 60^ Fahr. The distillate which comes over before 
this point is reached is separated into the usual fractions as 
already described. The residue is allowed to cool to about 2^0° 
Fahr. cither in the still or in a suitable mixing tank, and then 
mixed with creosotij of a specific gravity 1.045 at 60° Fahr., in 
the proportion of 1750 gallons for every 15 tons of tar distilled. 

The processes of continuous dehydration and continuous dis- 
tillation of tar as carried out when using the Hird plants 
described in Chapter 'V. will now receive attention. In the 
continuous dehydration plant the following takes place. ’On 
leaving the storage tank the crude tar enters the condenser 
tank by the tar inlet at the bottom, and in passing 
upwards to the outlet on the opposite side of the tank circu- 
lates round the * condenser coil and absorbs heat from the 
distillate which is i)assing tlu-ough tliis coil on its way to the 
distillate receiver. After leaving the condenser tank the crude 
tar passes through the inner tube of the cooler, and while doing 
this it absorbs lieat and cools the prepared tar which is flowing 
through the cooler jacket on its way to the prepared tar receiver. 
From the cooler the hot crude tar enters the still at a tempera- 
ture approximating 70° C., and travels first down one side and 
then up the other, due to tlie presence of the central longitudinal 
baffle. While the tar is passing tlirough the still it is heated 
by the four bunsen burners working in the tubes at the still 
bottom, and it gives off in the form of vapour the crude naphtha, 
light oil, and carbolic oil, which pass forward through the swan 
neck and vapour pipe to the condenser coil, where they are 
condensed, and from which they are conducted in the liquid 
folrm to the distillate receiver. The tar leaves the still, passes 
into the jacket of the heater, and thence into the prepared tar 
receiver. o 

The continuous process of tar dehydration offers several 
advantages over tli- interniittent system, among which are 
(i) low supervision charges, (2) low fuel consumption per ton 
of tar distilled, (3) reduced wear and tear of plant, (4) small 
area occupied by plant, (5) low cost of plant. Continuous 
dehydration^ plants can be considered satisfactory for the re- 
moval of ,.the benzol and toluol which are taken up by the tar 
in the gus-washing process. They are also very suitable for the 
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preparation of prepared tars to answer the Road Board spiaci- 
fications. It is, of course, nccessaiy to vary the working tem- 
perature according* to the kind of prepared tar required. For 
tar to answer specification No. i for spraying, the working tem- 
perature approximates 230° C.; for specificatioh No. 2, tar for 
macadam, a working temperature of 26o‘' C. is necessary, and 
for specification No. 3, tar fof grouting, a temperature of 288° C. 
is tlie'best to employ. Naturally the character of the prepared 
tar and the yield of distillates will vary a little? according to the 
quality of the crude tar passing through the plant. The fuel 
consumption is very low ; for instance, in the case of the Hird 
plant, in making No. 2 Road Board specilication tar at a working 
temperature of 260“ C., i ton of tar required 67 lbs, coke breeze, 
or if gas-heated, 550 cubic Fet of gas at 500 B.Th.U. The finished 
tar on leaving the plant has a temperature of from 230-260° C., 
and on flowing through the heat interchanger heats the ingoing 
tar to approximately 100° C. Crystalli^'ftion of naphthalene 
in the light oil need not be feared as this distillate leaves the 
condenser and passes through the seal box at a temperature 
sulticiently high to prevent it. 

Compared with the intermittent system, Hird’s continuous 
system of 1 u distillation shows several advawtages. The chief 
of th('sc are 

(1) When started the plant is able to do its work automati- 
cahy, without depending entirely upon personal su])ervision. 

(2) Very low temperatures prevail throughout the whole of 
the .stills, with the result that wear and tear of plant is reduced 
to a inimmuni, 

(3) Priming troubles arc entirely eliminated, with the result 
that the various distillates are very light ir. colour, and leave 
little residue on re-distillation. 

(4) The process being continuous, there is no loss of heat 
from stopfjing and restarting and, consequently, there is a 
distinct economy in the cost ot distillation. 

(5) The various fra-- tions are automatically and simultan- 
eouly discharged into the receivers, and no attention whatever 
is necessary in this respect. 

(6) The size of the plant is approximately one-quarter that 
of the intermittent tar still for the same output. A plant to 
deal continuously with one ton 0/ tar per hour never contains 
more than 3 tons of tar in process of distill# lion. 

Briefly, the method of working this plant (sbe Figs. 38-42) is 
as follows : The crude tar is conducted from the storage tank 
into the legulating tank, and from tliis tank it flows to the first 
of a series of fo!ir heaters, a constant head being mg.intained by 
means of a float valve in the regulatingM:ank, On passing through 
these heaters the temperature of the tar is raised by its receiving 
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heat from the distillates leaving the stills as they pass through 
the coils. During its passage the tan is deprived of some of its 
water and crude naphtha. The vapours 'of these materials 
pass into a common main and thence through the coil of a coil 
condenser, in ‘which they are condensed. The condensed 
liquids pass through a sight box and a separator, and then to 
their respective receivers. 

After ity. passage through the heater-coolers the tai flows 
through the pitch cooler, and while doing this its temperature 
isu further raised, while that of the pitch is correspondingly 
lowered. On leaving the pitch cooler the temperature of the 
tar is approximately I2h'^ C., and at this temperature it enters 
No. I still. Here the balance of the ammoniacal liquor and 
crude naphtha are distilled oft'. Leaving No. i still the tar 
enters No. 2 still, in which its temperature is raised to about 
249“ C., and during its passage through tliis still the light oil 
is distilled oft. Entesing No. 3 still its temperature is raised 
to approximately 340'' C., and at this temperature the creoilote 
oil comes over. Passing from this still the partly distilled tar 
enters No. 4, in which its temperature is actually reduced, 
falling approximately to 260° C. Tliis reduction is effected by 
the employment of injected steam, no other means of heating 
being employed in this still. The tar is in fact submitted to a 
steam distillation which brings over the anthracene oil at a 
much lower temperature than would be necessary if fire heat 
were employed. This effects a considerable saving on the 
plant from a wear-and-tear point of view. 

The residue in No. 4 still is liquid pitch, and this passes from 
the still into the pitch cooler, through which it travels on its 
way to the pitch bay, and during its progress it gives up much 
of its heat to the crude tar passing through a pipe immersed in 
it on its way to No. i still. The temjierature of the pitch on 
leaving the cooler is such that it docs away with the giving off 
of the white irritating fumes so often observed wlien running 
off pitch in the intermittait system. 

With this plant it is possible to adjust the temperatures so 
as to obtain continuously uniform fractions of any desired 
boiling-point, while at the' same time the pitch can be varied 
to meet any desired tvisting point. One man is able to super- 
intend the working of the plant, his duty being merely to adjust 
the burners and real" the thermometers, which indicate clearly 
the working of the stills. 

To enable the works manager to keep some sort of check on 
the yield of the various distillates obtained from the tar which 
he is passing through his stills from month to m^nth, it is a good 
plan to ]?iake out a balance-sheet, say once a week, similar to 
the following : — 
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Tar distillefl 


Tons, j 

100 I Liquor . 

. ' Crude naphtha 

I Lifjhtoil 
^ ■ Middle oil 

Creosote . , 
j Pitch 

I Loss (by dillcrence) 


100 


Galls, per Ton. Tons. 

5.80 ^.00 

• 3.83 i -50 

. Ib.80 7.157 

(J 68 4.47 

. 29.40 1.5.72 

• - 07.78 

— 1.90 


Ultimate Products 


Benzol, 90 % 

Solvent naphtha, 90-160° 
Heavy naphtha, .920 . 

Carbolic, 50° 

Creosote — 

Prom tar direct 39.08 
Prom bottoms . 14.*)9 

Pitch .... 


1.71 galls, per ton tar. 

“•<>6 ,, ,, ,, „ 

M5 .. „ „ „ 

4-03 r, „ „ „ 

53-47 

13-55 cwts. „ „ 


W^rkn g costs in regard to the distillatijm of tar will vary 
in diffeiont works according to local conditions, kind of tar, 
type of plant, condition of plant, whether gas or coal firing is 
JiTiplo^ed, and so on. The following figures may, however, 
prove of some use as a guidii to beginners. 

Wages productive and non-productive, 2s. 6d. per ton of 
tar distilled. 

Stillman’s wages, 4.Jd. per ton of tar distilled. 
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PLANT FOR RECOVERING CRESYLIC AND CARBOLIC ACIDS FROM OILS 

Su>phunc acid process— washers— storage tanks^ - springing lank- CO., 
})roccss — c:arbonating boilers — phenolatc tanks — ^puinp and sump- 
reaction towers -divider tanks— receivers for tar acids— receivers for 
spent liquor- -finishing tank— aud egg— storage tanks— CO. gas— CO., 
furnaces— purifying and washing towers— water separator— causticis- 
ing plant causticisers — storage tanks —filters— -pump — evaporators 
— cresylic acid— still charging tank— still — ^fractionating tower- 
condenser— “ bottoms ” receiver— pitch bay— cresylic and carbolic 
receivers— air blowing, tank -continuous tar acid extraction plants 

Ihere are two methods in general use for the recovering of 
phenols from tar distillates : (a) The sulphuric acid process, in 
which moderately dilute sulphuric acid is used to decompose the 
solution of phenolatcs- known tecluiically as “ carbolatc " and 
“ crcsylate ” — and the resulting sodium sulphate run to the 
drain, the phenols only being recovered ; and [b) the COg process, 
in which carbonic acid gas is employed to decompose the “ car- 
bolatc ” or “ cresylate,” the resulting sodium carbonate being 
converted into caustic soda by causticisation, and used for ex- 
tracting a further quantity of tar acids. The latter process is 
sometimes known as the “ continuous process.'' It is much 
more economical to work than the former, although the initial 
outlay for plant is somewhat greater. 

Washing tanks, generally known as washers, are required 
for both processes. These tanks may have a total capacity of 
3500 to 4500 gallons, and in shape are generally C 5 )hndrical ; 
^metimes round-bottomed, through-shaped tanks arc used. The 
cylindrical washers are placed in a horizontal or vertical position. 
If ip the former position, the washer should be tilted a little 
towards the outlet, but if in the latter, it should be provided with 
a dish or shallow cone-shaped bottom. A cone-shaped bottom 
will give the best results a!s regards draining. Horizontal washers 
are provided with a shaft on which are fitted agitating arms, and 
the journals of which pass through stuffing boxes let in each 
end of the washer. Good second-hand boilers, from wliich the 
tubes have been drawn and the ends blanked, make excellent 
washers. Vertical washers may be fitted with an, archimedean 
screw agitator, or wing agjtators, on a horizontal or vertical 
shaft. If tfn agitator of the latter type is used in the vertical 
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position it js advisable to fit several fixed arms on the side of 
the apparatus. It is policA^ to cover the vertical and also tlfe 
horizontal trough-slmped wjshers, and a manhole and lid must 
be provided. A useful piece of apparatus to employ in connection 
with the washer is an oil separator. This is sinjilar in pattern 
to the divider box described on ])age 53, Fig. 30, but it is often 
made a little larger. Tlie obje^'t of using this piece of apparatus 
is to separate any oil from the final runnings and drainings of 
“ carbolatc ” or “ cresylate,” a matter of sojue importance. 
Any oil which may come with the ammoniacal liquor, which it 
is sometimes necessary to draw off before commencing a wash* 
nufy be recovc'red if a sej)arator is used. 

With the exception of “ carbokite ” and “ cresylatc ” stor- 
age tanks and tar acid storage tanks, which may be of any 
shape and size to suit circumstances, a “ springing ” tank is the 
only other piece of jilant required in the sulphuric acid process. 
The “ springing tank” may be constru^lc'd of wrouglit-iron 
plat«, but ev*‘n if care is used jn conductiiig tlie process, some 
corrosion of the plates, and, if mechanical agitators arc fitted 
to llie tank, of the agitators, will take place. Lead-lined iron 
or wooden vessels are more suitable for this part of the process. 
It IS now possible to obtam iron vessels homogeneously coated 
with lead, cov(a*ed, and providi'd with an agitator. A vessel of 
this kind is very suitable for the ” springing ” of carbolate. 
CioTred tanks provided with mechanical agitators arc safer to 
use than uncovered tanks, the coiiti'ii^ of which are agitated by 
hand. Wooden agitators are usually employed for hand agita- 
tion. The shai)e of a springing ” tank may be cylindrical, or 
like a round-bottomed trough. Cylindrical tanks may be 
placed horizontally or vertically. If in the letter position, and 
this is really the best, a dished or cone bottom should be fitted 
to the tank. This will allow of a better draining of the tank from 
the sodium^sulphate liquor which separates after “springing.” 
The cock fired to the bottom of the tank to run off the contents 
should be made of acid resisting met^l, such as rcgulus metal 
or “ Tantiroii,” for preference. Some people prefer to skim 
the tar acids off the surface of the sulphate liquor, but^this is 
not so cleanly as running first the si*lphate liquor and then the 
tar acids from a bottom cock. The capacity of a “ springing ” 
tank may vary between 1000 and 2000 gallons, sometimes 
even greater, but a good average figure may be taken as 1500 
gallons. 

For working the COg process more plant is required than 
that just described for the sulphuric acid process, and it is 
of a somewhat Complicated nature. In *addition to the wash- 
ing tanks, the following are necessary : Two “ carbolate ” or 
“ cresylate ” boilers, a pump and suction sump, a* reaction 
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tower, two dividing tanks, a receiving tank for the tar acids, a 
I'eceiver for the spent liquor (impure carbonate of soSa solution), 
one finishing tank, one acid egg, on| furnace* for generating CO2, 
a dust separating apparatus and tower for purifying and wash- 
ing the COg, ?yid the necessary pipe lines and arrangement for 
removing the water which sometimes separates from the gas. 
The gas may be drawn througli Jthc apparatus by the employ- 
ment of a steam jet. According to tlie requirements of the 
Alkali Act, tlie ^spent gas must be purified before passing to the 
atmosjilK're. This can be done by passing it tlirough one or 
fjther of the well-known purifiers, and then allowing it to escape 
into the chimney stack, or it may be passed over tlie stdam 
boiler fires, after travelling- through a seal pot, as described 
when dealing with foul gas mains, pages 55, 56, Kig. 32. 

Instead of employing a reaction tower, some distillers prefer 
to put in what are known as carbonating boilers. The number 
of these boilers required will vary according to the volume of 
carbolate ” to be dealt with, but it is advisable to put in at 
least four. No large divider boxes, receivers, or pump and 
sump, are necessary if carbonating boilers are used. Of course 
a pump for removing the spent liquor is required in both cases. 
The ( Og is forced through the “ carbolate ” or “ cresylatc ” 
via perfonited coils, by means of a compression jnimp, and the 
acids which separate are either removed from the boilers by 
means of skimmer pipes, or the contents of the boilers are run 
into tanks with open tops, and after standing for a sufficient 
time, the acids are removed by skimmer pijies. If desired the 
separation of the acids from the spent liquor may be carried out 
by running off from a bottom cock first the spent liquor and then 
the tar acids. When nearing the line of separation it is wise 
to run the liquid through a small dividing apparatus (p. 53, 
Fig. 30), thus avoiding any loss of acids. 

Dealing with the COg process, in which a reaction or car- 
bonating tower is used, the pieces of plant na'ined will be 
described in the order given. 

The ‘‘ carbolate or cresylate ” tanks are constructed of 
wrought -iron plates. Second-hand, cylindrical boilers, if in good 
condition, make excellent t^nks for this purpose. Whether new or 
second-hand tanks arc used the joints must be well caulked, or 
leakage will take place.'" A hole is cut in the top to admit a i| - or 
2 -inch inlet pipe ; ty\^o smallei holes arc cut, one for the admission 
of a i-inch steaiji-pipc, to which is connected a double-lap closed 
steam coil, and the other to allow the exit of the exhaust pipe of 
this coil. Both these holes should be at the top of the boiler- 
tank. The manhole dnd cover are allowed to {,'emain : a man- 
hole is sometimes useful for cleaning or inspection purposes. At 
one end ‘of the boiler tank a li-inch hole is mt thp rf-iifrp nf 
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which shoi^ld be 3I inches from the bottom of the tank, and a 
li-inch pipe is fitted by means of a flange. Tliis pipe is to 
conduct the phenoktes to Ihe pump sump. A cast-iron gland 
cock is fitted near the end of the pipe to regulate tlie flow into 
the sump, and it is wise to fit a further cock a few inches from 
the tank as a safeguard in case of accident. It is a good plan 
to arrange for a steam connection into this pipe in order to assist 
in removing any obstructions which may occur, and provision 
for the ii;serti()n of an opi'ii steam end into, the 'tank is an 
advantage. At the opposite end of the boiler-tank a small mud- 
hole 6 inches by 4 inches should be cut. The lower edge of tlie 
hole iiiust be as near the bottom as ])ossible, and a casting should 
be rivLced on to cairy the mud-lii)le cover. Both tank boilers 
may rest on 14-inch to 18-inch brick cradles, just a few inches 
above the ground level. 1 lu' capacity of these tanks will vary, 
of course, according to the quantity of tar acids it is desired to 
make per day , 

€'he pumj) may be of any gpod make, and the delivery vary 
between i inch and i J inches according to circumstances. It is 
erected a few inches from the ground level, in close proximity 
to the sum]). A cast-iron vessel, about z feet deep and i foot in 
diameter, makes a suitable sump ; a wrought-iron steam boiler 
dome will answer admirably. The sump is sifuatt'd -so that the 
top rises about 3 inches from the ground level, and if out-of- 
d^'ors a wooden cover should be provided to keep rain out. A 
few inches of puddle should be put In the hole before placing 
the sump ii%to position. 

There are two chief types of reaction or carbonating tower : * 
the packed and the plate. The latter kind of tower is built 
up of cast-iron sections, while the former is constructed of 
wrought-iron plates. One of the best designs of plate tower is 
illustrated in Fig. 43. Naturally the size of the tower will vary 
according the quantity of phenolate it is desired to decompose 
per diem. It may be approximately 15 feet high and 2 feet in 
diameter, the sections being 8^ ir^rhes deep over all. The 
number of dispersers in each section will vary according to its 
diameter. In a section of 2 feet diameter 8 may be puj: in, the 
inlets to the dispemers being il iaches internal diameter and 
the diameter of the disperser hoods 4 inches. Each hood should 
have 12 by ^-iiich openings in the circle. Only one internal 
drain-pipe of ij-inch bore is nedcssary for each section. This 
pipe should be arranged to allow a seal of i| inches of Uquid on 
each plate. It is an advantage to provide an inlet for a steam- 
pipe so that the tower may be steamed out occasionally. The 
positions of thi gas inlet and outlet, and also of the outlet for 
the spent liquor and tar acids, are slipwn in Fig. 43. 

A packed reaction or carbonating tower is fUled wfth foundry 




Fic. 43. — Carbonating or Reaction Tower— Plate T]T)e. 


on 
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coke, cartjicnware balls, tiles, or one of the numerous patent 
tower packings. Jo pack'Vh tower for this kind of work wfth 
coke is in the writci*’s opini^ii a mistake : the coke soon becomes 
clogged and the available reaction surface is thereby much 
reduced. Often it clogs into hard masses, leaving fairly large 
holes here and there, called “ rat holes,” up which the gas travels, 
coming in contact with only the outside portions of moderately 
thick 'Streams of liquid flowing in the opposite direction. 
Earthenware balls alone, or with small grangte cliips, in the 
wTiter’s hands, have given excellent results. In choosing a 
packing for a reaction tower of this kind, due regard sliould be 
given to the question of reaction surface : the greater this is 
the mure rapid wall be the decomposition. Three-inch earthen- 
ware balls with |-inch hole give approximately 14.5 square feet 
of reaction surface per cubic foot of tower space ; 2-inch balls 
witli 4 -inch hole, 23.3 square feet ; and i-inch balls witli no 
hole, 37.3 square feet. Small granite cjiips, about i inch by 
^ iSich by I inch approximately, will give a very considerable 
reaction surface ; about 100 square feet per cubic foot of tower 
space may be taken as a guide. A tower to deal with 2500 
gallons of pher.olate solution, containing 20 per cent, of tar 
acids, I'xT 24 hours, would require to be aboi^t 13 feet high and 
4 feet ill aiameter, if packed with i-inch balls with no hole, or 
if 2-inch balls with J-inch hole are used, the height of the tower 
may be 22 feet and the diameter 4 feet. If packed with 3-inch 
balls with i-inch hole, a height of 27 feet and a diameter of 
4 feet 6 inches would be necessary ; or if 4 feet of small granite 
chips and i 3 feet of 3-inch balls were used as packing, then the 
height of the tower could De reduced to 25 feet, tlie diameter 
remaining the same. These figures are given as a guide, and 
may of course be varied according to requirements. The 
wrought-iron plates of wliich the tower is constructed need 
not be th^kcr than J inch ; J-inch plates are often used. If 
balls and granite cliips arc used together, two perforated plates 
are required, one as a olse bottom jind the other to rest on the 
top of the balls to support the granite chips. If balls are used 
alone, tli^n one plate for the false bottom is all that is r^ecess^ry. 
The plate for the false bottom should be j inch to i inch thick 
with J-inch holes at i-inch pitch, and ^supported on cross-bars 
about I foot 6 inches from the bottom of the tower, but the top 
plate need not be more than J inth thick, the holes being of the 
same diameter and at the same pitch.^ Cast-iron is the best 
metal to use. In the top or cover plate of the tower, a 4-inch 
hole should be cut for the gas outlet pine, a hole for a manhole 
of the usual site, and one for the phenoiate delivery pipe, which 
latter leads to a spray arrangement. , A 4-inch ga^ inlet is made 
with the centre at least 5 inches from the bottom of the tower 
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and to this a screwed flange is fitted. The end of tfie gas pipe 
is* introduced through this flange so that 3 fir 4 inches project 
on the inside. An inlet for a i-inchl steam-pipe to admit steam 
for steaming out the tower occasionally is made with its centre 
about 8 indies from the bottom of the tower, and in the bottom 
plate an outlet, about inches in diameter, is provided for the 
pipe which conducts the mixture /if spent liquor and tar acids 
to the divider tank. The spray arrangement may be* of the 
Gurney type (see Fig. 44), or built up of a 6-way piece, connected 
to the delivery pipe inside the tower, and into which are screwed 
6* lengths of J-inch wrought -iron pipe, about 22 inches long, 
and perforated with J-inch holes on the under side at a pitch of 
approximately 5 inches. Tltese holes should be in alternate 
jiositions when one pipe is compared with the next. Details of 
the method of packing this type of 
tower, and the arrangement of the 
jiipes, are showm in lug. 45. 

The , divider tanks are made' of 
wrought-iron and much larger than 
those used in the tar distilling plant. 
They are generally constructed square 
in plan, and the depth nearly twice 
that of the width. An average size is 
2 feet 3 inches by 2 feet 3 inches by 4 
feet deep, J-incli wrought-iron plate 
being used, the seams thoroughly 
caulked,^ and an angle rim placed out- 
side. In order to promote the forward 
flow of separated spent liquor one 
divider tank is set about 9 inches higher than the other. The 
pipe to the tar acid receiver which is attached to the first or 
separating tank is of i-inch wrought-iron pipe, and it is con- 
nected to a movable syphon pipe as shown in the diagram 
(Fig. 46). The lower tank is really a catch tank, wliich retains 
any tar acids escaping from the divider, and the pipe from the 
separating tank which leads the separated spent liquor to this 
tank anrl also the pipe which conducts the spent liquor from 
the catch tank to the spent liquor receiver are of i| inches 
wrought-iron. Any tar acid which separates in the catch tank, 
and it should be very little, is removed by skimming. Re- 
ference to Fig, 46 will g^ivc the Inethod of fixing and other details. 

A wrought-iron " riveted tank, square, rectangular, or cyl- 
indrical in shape, may be used for the tar acid receiver. It 
should be placed near the divider tanks, and, if in the open air, 
covered in, a lid being provided in the cover in^order to make 
inspections. 'The outlet pipe, which is of i-inch wrought-iron, 
is with advantage connected with a movable skimmer pipe, as 




rio. 44.— Onrnov's Jot arr.iiii'ed 
foi Carbonating '1 owor. 



PLANT FOR CRESYLIC AND* CARBOLIC ACIDS 95 

generally oi> standing some spent liquor separates from the tar 
acids and settles to the bottom. In order to facilitate thi§ 
separation, and thus i ^ 


save some sulphuric 
acM, a closed steam coil 
may be placed at the 
bottom of the tank and 
fed with*exhaust steam. 

The tar acids should be 
kept at a temperature 
not exceeding 75® Fahr. 

As* regards the size of 
the tank, this will of 
course vary according to 
tile volume of tar acids 
it is desired to deal with 
per day. The tank may 
]je ejected on theground 
level, or raised several 
inches, according to cir- 
cumstances. 

The receive r for 
spent liqia:)! should be 
of wrought-iron, and a 
good-quality second- 
hand steam boiler 
answers admirably. It 
should be placed partly 
or wholly below the 
ground level, according 
to circunistances. The 
hole must be lined with 
well-made j (uddle before 
putting the’ ank in. A 
manhole with tight 
cover, a dipping pipe 
which also makes an air 
vent, and holes for inlet 
pipe and suction pipe, 
are required. Tlie dip- 
ping pipe should reach 
about 9 to 12 inches 
above the ground level, q*, ,in i 
and need only be f-inch 
internal diameter, the 
inlet pipe hole 1} in- 
ches, and the suction 
pipe 2 inches. If the F1G.45.- 
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tank is only partly below ground, the dipping^ pipe is not 
ticcessary : a 2-inch hole will sufhee. 

A lead-lined tank must be put ja for the purpose of carrying 
out the finishing operation. The 'tank may be rectangular or 
square in plaij,, and built of well creosoted timber, lined on the 
inside with stout " chemical " lead. Five or seven pound lead 
is quite thick enough. There i,s no need to j)rovide for any 
openings in this tank, as the finished acids can be most con- 
veniently 'removed to the acid egg by means of an^ cver-ready 
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syphon (Fig, 47). The tank should be placed as near to the 
acid receivers as possible, 'and on the ground level. 

TIkj acid egg may be constructed of cast-iron, wrought-iron, 
or lead. Of the three medals, lead is the least likely to suffer 
from corrosion, but to construct a large egg, say of a capacity of 
150-200 gallons, is a'n expensive matter. Cast-iron is liable 
to fracture, and in the writer’s opinion a wrought-iron egg will 
give excellent results and suffer very little corrosion if properly 
managed. There is no difficulty in making a wrought-iron 
egg of large size, and it is cheap. If the ends are well dished, 
there is no need to put in a central stay, wfeich is of course 
necessary if the egg is made with flat ends. The egg should 
be provided with a pressure gauge, a safety-valve, a 6-inch 
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( irciilar willi rin^( and draw-iip inanlid, a 

i-inrlrair inli'i, pipe jiist entering, a iLinrli or 2-incli oiitTot 
l)ip(\ wliirli sh(nil(l«r('.L(d. t > within il indic's troin tlic bottom 
of tho ('gg, and a i-incli (fi'ain cock. For tlic position of tile 
mrioiis fittings, rcfcrciua* to Jhg. 48 should be iiiad(\ The egg 
slioiild be placed below ground, immediately under the finishing 
tank, and a bih k-lined sum}i should be made under the drain 
cock shown in Fig. 4 ^. When setting the egg,, a fall of 4 
indies in to feet towards tlu^ drain cock must.be allowed. As 
aht'ady mentioned, the far acids a.e transfernnl from the' 
finishing tank to thc' acid (‘gg by an ever-ready syphon , this 
}iiT'C(' v)f afiparatiis is illustrated in Fig. 47. 

1 he far acids may be ston'd m wrought-iron tanks of any 
comi'iiient sliajic and sizi' • they should be covered in and a 
manhole and hd ]irovid(‘d. A i|-indi 
dram cock of cast-iron should b(> fitted 
on tlu' bottom of the tank, and the 
eoci: to bi' used for emptying ])yr])oses 
must be fitti'd on the side with its 
centre line \ iiudu's from the bottom of 
the tank, ll sh<'nld be a 2-mdi cast- 
11 on gland cock. Storage tanks may 
be supjn'r'cd on brick or concreti* 

])ie:s, at a convenient height for filling 
bands. \rrang('menls should bi* made 
for (.omu'cting the enpitying cock with 
nu ins for hlling railwiiy' tanks or tank 
boats, <ih.w lor connecting up to a 
steam SLipfily in order that an ojk'it 
'. team enc' ma\' be iiisertial into the 
tank to s<emn it out when it requires cleaning. 

In the (_ 0.3 lU'oci'ss, one of the most important pieces of 
apparatus i.^ that from which the supply of carbonic acid gas is 
dnwn. S '(('tines the v'aste gases from the flues of a steam 
boiler, unaer which coke :s burned, ai^iused, after purifying, for 
this puipose. I his method cannot be recommended. The 
same may be said of the method of using waste gases ij-om an 
ammonia distilling apparatus. Undoubtedly the best plan is to 
employ a special furnace, built just the right size, to supply the 
plant with suflicif'ut purified gas when if is working under full 
pressure. • 

There are several patent COg furnac(?h put on the market 
by various makers, but it may be jireferred to build one s own 
furnace. Three chief designs of furnace exist : the flat or dead 
hearth ; the firngrate, in which the coke*is burned on firebars ; 
and the water-bosh or water-sealed furjiace. In the •first type of 
furnace, the fuel is fed to the fire at the top, and in burning it 

G 
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rests on the firebrick bottom of the furnace. A cast-iron door 
alVout i8 indies by lo inches is put in on a level with the bottom 
of the furnace, on the front of which is an air f^rid to regulate 
the admission of air, and through wh?ch the clinker is withdrawn. 
The gas is taker off from the top of the furnace. With this type 
of furnace, trouble often arises with the air regulation, the fire 
burns very unevenly, and during the cleaning or dinkcring pro- 
cess much unburned coke is withdrawn with the clinker, z*nd the 
uniformity of tl^- gas is upset for an inordinate length of time. 
The clinker is often considerable. In the second type of furnace 
tile air regulation is under better control, especially if the ash- 



pit is dosed by a door on the face of which air grids are fitted. 
The fire burns much more evenly, but unless the bars are water- 
cooled they are rapidly burnecl away ; even when they are 
cooled with water, a good deal of trouble is experienced in this 
direction, and during the removal of the clinker much excess 
of cold air is admitted to the furnace. 

The last type of ftirnace is, in the writer’s opinion, the best. 
Two furnaces which he designed, and which varied somewhat 
in detail, both yielded excellent results. They gave very little 
trouble as regards clinker, and no trouble due do excessive air 
admission at\d its resulting uneven quality of gas during cleaning. 
The fuel is fed in from the top via a hopper and bell valve, and 
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the poking? down carried out tlirouf(h poking holes. Asides, 
with very little clinker, are removed through the water seal or 
bosh, d'lie gas isMrawn off through a firebrick-lined flue in 
the side of the furnace iieTr the top. This flue bends round in 
such a fashion that the position of the exit is at the furnace 
top, and there it is connected with a cast-ij;on gas pipe. Air 
inlets are provided at each ci( the four sides of the furnace, and 
they efre made so that the quantity of air can be segulated by 
slides running in frames built in the brickwork. The furnace 
is lined with best ganister brick ; when working pro])erly, the 
temperature of the furnace is so great as to fuse most, if not all, 
qualities of firebrick. A staging. sup]>orted on brackets, is 
fitted round the top of the furnacL ; this is for the man to work 
ui)on. The furnace top is also covered with a cast-iron plate. 
It is advisable to strengtlu'ii the furnace^ with light backstaves 
and tie-rods. big. 49 will show tlu* shape and many details 
associated witli this tvjie of furnace. • 

•As the gas leaves the furlKU^e it carries v\dth it a fair amount 
of dust, and also impurities such as sulphur dioxide and sul- 
phuretted hydrogen, tog(‘ther with some moisture. 'I'hese it is 
nectssarv to .sej^irate as far as possible before the gas enters 
the rea''nnu tovver, or if carbonators an; u^^ed, these vessels. 
The dust must Ix' sejiarated first, and then the gaseous im- 
purities, and finally as much of the moisture as jiossible. A 
dud se] orator mav lx' built in the bottom portion of the washing 
an<l purifying tower, or erected as a ^ qiarate piece of apjiaratus. 
It should be of cast-iron. A simpl(‘ and yet efficacious piece 
of apparatus for carrying out the du.st -separating operation is 
^ shown with approximate measurements in Fig. 50, and Fig. 51 
shows one built in tlu* bottom of a purifyuig tower. If the 
dust separator is erected as a separate piece of apparatus, it 
must be jilaced betwecui the furnace and purifying tower. In 
the event o^' a water-sealed COj. generator being used it is a good 
plan to pie. e the dust sejiarator as near the furnace as possible. 
The object of this is to keep the separator hot in order to avoid 
the condensation of moisture, which, if it takes place, will convert 
the dust into mud. It is necessary to remove frequently the 
dust from the sejiarator in order to prevent choking. 

The purifying or washing tower (Fig, 52) is best constructed 
of cast-iron sections, square or round in plan. If round, each 
• section should be about 3 feet in ’diameter, and if square, about 
2 feet 6 inches by 2 feet 6 inches. In e'thcr ease, each section 
should be 12 inches d(;e]). Each .section carries a grid, supported 
on a ridge cast on the section (see big. ^2). The grids may be 
of wood or iniM steel ; the writer is inclined towards the use of 
mild steel, as in his experience the amount of corrosion is ex- 
ceedingly small. Wooden grids eventually become soft and 
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roftcn. Mild siec*l f^rids should be of Linch i)]ate dulled with 
/,|-ii)c]i holes at T-ineh pileli. ILach ^oid should be covered 
with a layer of limestone chips abo(t iLiiich size, to a depth 
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between 5 and 6 inches. A hand hole is made in each section, 
the lower portion of which must be on a level 'with the top of 
the grid or tray. The number of sections in the tower will vary 
accorthng to the quantity of gas passing through it per day. 
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pip.0, the centre lino of wliicli is 6 inches from tl)e bottom of 
the section. A i-inch oj- iTinch exit for wash water is jn-o- 
videcl for in tlie bottom of the sertpii. To the top section is 
fitted a 4-incli cast-iron gas outlet ])ipe, and also a i-incli water 


PflUi IHIET 

[cwsjETj CASounrr 



mK‘t. The water is distri- 
buted o\rr th(‘ to]) grid by 
■means of a (iiiriK'y’s jet (Fig. 
44 ). in oid(T that the gas 
pipes conducting the purified 
gas from tlie washing tower 
can be cleared of any ob- 
struction which may occur — 
and obstructions have oc- 
curred occasionally in the 
writer’s e\])erience- t hey are 
fitted with fourway pieces 
arranged as sliowMi in Fig. sj, 
the removal of the blank 
flanges making it easy to 
shift th(‘ obstruction. 

To remoN'e tlie water 
which condenses out of the 
gas (especially in cold 
weather) and settles in the 
lowest ])ortion of the gas 
main, the following simple 
jilan devised by the writer 
may be used. The gas pipe 
is allowed a gentle fall until 
it reaches to wdthin about 14 
fet‘t from the point of entry 
into the carbonating tower, 
or first carbonating boiler. 
A flat U-bend is made in the 
I)ipe, and in the lower end 
of this, about the middle, 
and underneath the pipe, a 
J-inch hole is drilled. Into 
this hole is inserted a cork, 
into which is fitted a piece 
of l-jncli bore glass tube, 


Fig. ,S 2 . Oi.igr.iin illijslr.Cing ,i 1 ) pe of I’uiiljiiif; hpnt ns shown in loP" 

Tower witluml Dubl Separator. , " ’ , 

rile dej)th of the U is made 
so that it just allows the water in it to resist the pull on the plant 
without bein^ drawTi out of the tube. Immedia^tely any water 
collects in ,the gas pipe, it is automatically removed by the glass 
U-tubc without the seal being broken and the admission of air. 






PLANT FOR CRESYLIC AND CARBOLIC ACIDS ^103 

In tho* CO2 process, the spent liquor, which is really an 
impure solution oi carbonate of soda, is converted into caus1;ic 
soda by causticising with lime. The pieces of plant required 
for carr}-nng out tins j)roces^ are: two or three causticisers, two 
caustic soda tanks, a lilter, a pump, and an cvifj>orator. These 
pieces of plant will be described briefly in the^irder given. 

The causticising tanks are cylindrical arja built of wrought- 
iron o^ mild steel plates. 1'hey may be horizontaLor vertical : 
the latter, is the best type to use. Each tank is fitted with a 
mechanical agitator, an open and clost'd steam coil, a skimnr\^T 
pjpe, a grid or basket made of bar iron, at the top if of the ver- 
tical type, and a gate or treacle valve having a b-inch opening on 
the bottom. They should be el'ccted above ground, bt'st on 
rolled steel joists and stanchions, and above the lilter. A water 
supply should be arranged for over each causticisiT. 

It is advisable to put in two caustic soda tanks, one for strong 
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caustic soda from the causticisers and the other for weak caustic 
soda or " weaks ” — the washings of the lime mud from the 
cau;:ticis( rs and the lilter. These tanks may bo square or rect- 
angular in shape, according to circumstances, and constructed 
of mild s^jj'el plates, the seams being thoroughly caulked. A 
suction iiq-e which can b(* raised and lowered should be fitted to 
each tank They shoe J be erected*on the floor level, as close 
to the causticisers as possible. 

The Alter is situated immediately under the causticisers, 
and should be of such a size that it»wiil hold the lime mud from 
all the i.austicisers at the same lime. Jt is constructed of mild 
steel plates, | inch to inch in thickness, and it is best built 
rectangular m plan. Tlic seanrs* should be double riveted and 
thoroughly well caulked, and on one sTde a^^ near the bottom 
as possible a 2-inch suction pipe should be fitted. Two sets of 
perforated plates are required : one to form the base of the filter 
bed and the father to cover the top. These plates are of mild 
steel, I inch thick, and drilled with J-inch holes* at a pitch of 
2 inches. The bottom set of plates arc laid on J^affordshire 
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blue bricks at a licight of b inclics, arranged in rowf^ i8 inches 
apart, on the l)oltom of tJie filter. An excHlent lilter bed is 
made by using graded granite cliip^s and a top laytT of coke 
breeze, upon wliicli tlu* otlici set of ]K‘rforated plates are pku’ed. 
The tliickness of eacli layer of granite chips and the a])pro\imate 
sizes are as follovv^j ; ()n tlu' b(‘d ])l.ites a ki^er of lo-inch to 
2-inch chips 4 inci’,es de<']) is pkft'ed ; then a j-inch layer of 
i^-inch to vinch chips ; thi'ii a ;pinch lav'i' of Tinch to ^-inch 
and till'll a 3-inch layer of .{-inch and ,J-in(‘h chip^, abovi* which 
a, 2-incli layer of coke breeze is jilaceil. 'f'o dry the lime mud 
further than is jiossible witha filter, and to reco\'er the maximum 
amount of caustic soda in tin* form of “ wcaks,” the emplo\'- 
ment of a centrifugal machine is neci'ssarv. 

Any good pump of the ram l\p(' may be connecti'd up to the 
outlet at the bottom of tlu' filter, d'iie pump should ha\'e a 
2-incli suction, and thi' glands on the wati'r end should be 
packed carefully with “ ammonia ” packing. This packing 
is the least attacked by the wiuk caustic liipior. The jumij) 
not only assists in the filtering o])eration, but jiumps the weak 
caustic liquors, washings, and filtrate', into the ewiporator. A 
connection with the weaks tank to the immp suction is made 
by a by-pass. , 

If considerable quantities of weak caustic liipior havi' to be 
concentrated, then it would be advisable to put in a vacuum 
evaporator and its appurtenances, using exhaust steam as the 
heating nu'dium. However, this is seldom necessary in a tar 
distillery. The usual method is to cover the bottom of a tank 
of suitable size with a series of coils of 2-inch or 3-inch steam- 
pipe. A reliable tyjie of steam trap should bi' fitted on the 
exhaust end of the coils. To get the best results, the “ weaks ” 
should be allowed to stand as long as })ossible. in order to deposit 
any lime mud suspended in it. This mud will, if it gets into 
the eva])orator, coat the coils and thus hinder Vhe rate of 
evaporation. In any case it is as well to clean occasionally the. 
steam coils by scraping tkeni, and then washing down. The 
evaporator should be erected on roiled steel joists and stanchions 
for preference, and at a height above the ground level which 
will permit of the concentnlted caustic liquor running into the 
storage tank by force of gravity. Tig. 54 illustrates diagram- 
matically one method of arranging a causticising plant. 

If it is desired to^nanufacture 95-97 per cent, cresylic acid, 
then it is necessary to' submit the crucie, as it comes from the 
carbonating tov'er, to a ])roccss of distillation and air blowing. 
The pieces of plant required to carry out the manufacture of this 
kind of cresylic acid are as follows : A still clfarging tank, a 
mild steely still with a fravtionating column, a condenser coil 
and tank;' collecting box, water sejiarator, bottoms receiver. 
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pitch l:)ay, A'csylic and carbolic receivers, acid egg and l)lowin^ 
boiler, and foul gas-mains. 

It is V('ry con\'('nient to^erect the nndistilK'd enuU' cresylic 
stpragi' tank at a higher h'vc'l than tlie still tn]> .ind in close 
proximity thereto, l^y doing so tin* still c;m tn- <harged by 
force of gravity, and only ont‘ })assage lhron|jli the acnl egg is 
nec('ssarv ; two would Ik* reijitircd il the stooge, tank is jilacc'd 
at a low l('\el. 'riu' tank may be of an>tXconvcnM'nt shape, 
constriided of mild s(('('l ])lat(\ covi'red in an(> ])r()vided witli 
manhole and hd. An inlet ]>ipi' and dipping hoh' are ])nt inti^ 
tlu; too. and the outhd ]ni)e lor charging the still is placed on 
th(' sid(', its centre line Ix-ing 4 inclu's lioin the bottom. A very 
convenient dianu'ter for the chaige and iiiKd ])i])(‘ is z inclu's. 


SItAM 



It is advisable to jmt a i-inch drain cock in the bottom of the 
tank, tlirough which any sodium sulphate h(|u< r which separates 
mav l)e drained away. Th(' separation of tiu' litpior may be 
expedited by keeping the acid at a lemiierature of about 70° 
Fahr. by ni <ms of a small steam coil. hN’ery endeavour should 
be made to Keep this licpior out of the still. 

A cresylic still is constructed of mikl steel plat('s throughout, 
and of a similar shape to a tar still. The httings, such as man- 
hole and hd, charge inlet, swan neck, safety-valve, tail })ipe, 
etc., are also similar to tar still littftigs, and the same may be 
said of the settings, rire])lace. flues, etc.* The reader is there- 
fore reierrcd to the details given under tar stills in cliapters iii 
and iv. ^ 

. As a ciMiain amount of carbolic acid is jm's^nt in tlu' crude 
cresylic and the value of the former is generally greatiT than 
that of the latter, it is advisable to separaife these by means of a 
fractionating colhmn. This pi(*ce of apiiaratus is made of cast- 
iron and built up of sections of apiiro.ximati'ly 2 feet’in^diampf^ 
and c) inches in dejith. Tlie size varies somewhat 
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ty]H’ of column, and tlic ])cight of it, to a largf extent, ac- 
cording to tile degree of perlectioii to wliicli itf'is desired to conduct 
tlie frac'tionations. A good average number of sections used in 
a column is fifteen ; tins includes the to]> and bottom sections. 
One of the IxM lyjies ol fractionating column is described and 
illustrali'd on ])a^'s i and 135. Die tower is supported on steel 
stancliions and jrjsts on a conveliient ])ortion of tlie brickwork 
at tlu' still to]). A return pip(‘ is fitted into the un'derncatli 
jiortion of the bottom sei'tion ot the tower and iusented into the 
.still to}), a U-b(‘nd being made in th(‘ ])i|)e to act as a seal. The 
bottom section is also connected to the swan neck of the still, 
and an arrangenu'iit is made for by-}')assing the tower, so that 
during tht; water and cresy'lic stages the vapours can be con- 
ducted direct to the condimsing worm. Tht‘se various details arc 
illustrated diagrammatically in Tig. 55. It is a good })lan to 
arrange that all the sections can be drained after each o])eration. 

The condenser coil and tank an' similar to those used with 
tar stills (set* page 51) and so is tlu' collecting box (see ]mge 51). 
For the sejiaration of the water and tar acids as they run into 
tlie collecting box, this jiiece of apparatus is connected to a 
separator of the same kind as that described on page; 53, but it 
is arranged for .the water to be removed from the to}j of the 
separator and the tar acids from the bottom. 

After a certain jiortion of the contents of the still have been 
worked off, the n'sidue is allowed to cool a little and then run into 
a tank, known as a “bottoms” receiver, to be worked u}^ with 
the ” bottoms ” from other operations when a sufficient quantity 
has accumulated. A horizontal boiler tank makes an excellent 
receiver. It is set below the still run off or tail pipe, and is con- 
nected up to the same. Connection is also made with a pump, or 
it is arranged that the receiver can be tightly closed and then 
emptied by air pressure. In this case it is connected to an air 
comp'essor, and an outlet tube is fitted so that ct reaches to 
within about 2 inches from the bottom. As the “bottoms” 
become viscous, it is advisable to put in a closed steam coil of 
one lap, built of i-inch wrought-iron pipe, in order to warm 
them up prior to charging them into the still. The receiver 
should have a manhole anVl lid of the usual size. 

The “ bottoms ” are finally worked to pitch, and the pitch is 
either run off and mixed witji a big batch of pilch from the tar 
stills, or else run into, a special bay. If a special bay is desired, 
it is constructed in a similar manner to the large bays described 
on }Xige 60, but is of course much smaller. A 4-inch pipe is 
connected to the tail (pi}ie of the still for running off the pitch, 
and by means of a reducing T-piecc, and the* necessary cocks, 
the “ bottoms ” })ipe, which is 2 inches in diameter, is connected 
to the }utch pi}^e. 
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Receiverff for tho cresylic and carb(3lic acid may be con-^ 
structed of mild stod^ and scjuarc, rectangular, or cylindrical in 
shape. If cylindrical, they i;yay be horizontal or vertical, and 
it i^ a good plan to arrange so that the contents can be trans- 
ferred by air pressure to storage or mixing tank'?, in the case 



Fic. 55. — Diagr.uii illuiitratuig i Mclliod of ail.i limn J*farlit»a.i 1 infj Coliiinu to a Cresylic Slill 
and anaiigiiifj .i liy-pass. 

• 

case of cresylic. Square or rectangular tanks are not suitable, 
if it is desired to remove their contents b^ air pressure, and so 
will have to be connected up to a pump or egg. • 

Cresylic acid from the still generally contains sulphuretted 
hydrogen and other sulphur compounds in, sufficient quantity to 
render it foul in sfnell. It is necessary to sweeten the acid before 
despatching to customers, and this pffjcess is carried ^out in a 
large cylindrical boiler tank, placed in a horizontal position. 
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^Aloiif? the bottom of tliis tank is fitted a jierforatedVoil of i-inch 
wrouglit-iron tubing, tlirougli vviiicli air ^ is jiassed during the 
operation. Tlie top of the tank is connected to a ^-inch foul 
gas main, wJiicli, in its turn, is connected with a jmriher or a 
seal pot and* (jector. In the latter cas^' the gas is burned 
underm'ath tlie iteain Ixhlers, and tlu' ejector may be employed 
to draw air tliroVgh the cresylir-* acid in the tank by leaving an 
open endci)!! the; u)\riglit length of llu* coil, just a little above; tlu; 
jioint at whie'lr it enters the' be>il('r. Tlie lend gas muy oi ce)urse 
cbe drawn threiugh the* puriher by an ejr'cteir and the same method 
e)f air-blowing the* eTcsylic employe'el. J1 an ejector is not used, 
it is necessary tei cemiu'ct the ])erforateel air ceiil to an air com- 
jiressor. It is as wedl to pibvide* this tank with a manhole and 
lid of the usual dime’iisions. An inlet jiipe is also recpiired, and 
so is an outlet pipe, with cast-ireju cock, through which barrels 
are filled. A by-pass shenild be' connect e'd to the outlet, so that 
when it is desired tef leiad the acid into a railway tank wagon, 
it can be run into an egg, and the'ii fille'd into the wagein by 
m(;ans of air jiressure. A suitable kind of egg has already been 
described on page 

In connectiein with the recovery of tar acids, the Hird con- 
tinuous tar aejd extraction plant, and also Peppers’ patent 
extractor, which is manufactured by W. C. Holmes & Co., Ltd., 
are worthy of notice. 

The Hird plant is illustrated diagrammatically in Idg. 5b, 
and the method of working is as follows : The apparatus is 
so arranged that the correct quantity of caustic soda lye for 
the removal of tlu; tar acids from a given quantity of oil is auto- 
matically apportioned. In the event of the flow of oil to be 
washed varying during its passage through the plant, then the 
quantity of caustic soda is automatically adjusted to meet 
that variation. On reference to Fig. 56 it will be noticed that 
on the top of the plant are two tanks, one containing caustic 
soda at a fixed level and tlu* other unwashed oil, which is supplied 
from the usual oil-storagt> tank. 

Jn the event of the; flow of unwashed oil varjdng, the level 
in thedank will rise or fall. This rise or fall is communicated to 
an eepii librium lever by hieans of a float which depresses or 
raises a cast-iron sloi^ -dipping pipe into the caustic soda lye ; 
with more or less flow the dipping slol would be lower or higher 
and wonld consequently allow a larger or smaller quantity of 
lye to flow into^the downtaki* tube. 

The oil and caustic soda lye mix together in the manner 
shown in the figure y.nd then flow downwards into an upward 
flow mixing tube. At the bottom of this tub*e is a perforated 
steam-pipe which is connected to a steam inlet pipe. Upon 
this pipobs fitted an aspirator, which, during the passage of the 
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of the tar acids have been (‘xtracted from tlie oij^ and as tlic 
cnixture h'aves the bailie the washed oil riseij to the upper portion 
of the tank and the carbolate sinks to tlie bottom. 

The washed oil leaves by a pip.' fitted at the top of the tank 
and the carbolate by a pipe the outlet of which is near the bottom 
of the tank, and wliich rises vertically outside to the same 
height as the vSKshed oil outlet.. depth of the carbolate 
in the tank is automatically controlled by means of the auto- 
matic feed, and it\s possible to vary this so that, if necessary, 
the carbolate can be raised or lowered in the main tank. 

Peppers’ patent extractor is illustrated in Fig. 57. For the 
satisfactory manipulation of this plant two tanks are required 
to hold caustic soda lye of. different strengths and one tank to 
hold unwashed oil. There are two mixing chambers and 
separation tanks, one for the extraction of crude carbolic and 
the other for crude cresylic. Before the extraction process is 
commenced the oil and caustic soda lye are heated to a suitable 
t('mi)erature, approximately Fahr.^ by means of a dry <?deam 
coil in the bottom of ('ach tank. The strength of the caustic 
soda lyes will depend upon whether the tar acids are to be re- 
covered by the CO2 process or by the sulphuric acid method. 
In the case of the former they may be approximately 1.115 
specific gravit/for carbolic and 1.125 cresylic, and of the 
latter 1.125 for carbolic and 1.225 for cresylic. 

Unwashed oil from the storage tank and caustic soda lye 
of the determined strength for the extraction of crude carbolic 
acid are run into the conical shaped device at the mouth of the 
mixing chamber A, which, as will be seen on inspecting the 
diagram. Fig. 57, is fitted witli a .series of sectional plates. The 
flow of oil and lye is controlled by the cocks B and C. 

On leaving the conical mouthpiece the two liquids enter into 
section i, which consists of a plate with slotted holes at the side, 
and they splash on this jdate and run through the slots into 
section 2, which consists of a plate with a centrally fixed hole 
to lead the oil and soda into section 3, which is similar to 
section i. This process' of agitation continues until the mix- 
ture of oil and soda has passed through the whole six sections. 
On leitving the mixing chamber A the two liquids enter the 
srhall tank D, in which separation takes place. 

The separated carbolate passes through a small space at 
the bottom of the curtain plate E, and then through the cock 
F, on its wayAo the carbolate .stock tank, to await further-, 
treatment. • • / 

The partly washed oil flows through the regulating cock G, 
and is led into the "second mixing chamber H, along with 
caustic soda lye from the storage tank containing that of the 
correct strength for the recovery of crude cresylic acid. 
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The sec(^Kl mixing chamber is of sliglitly different con- 
struction to the tirs^, but is ])raetically on the same j)rinciple) 
It consists of a conioiil-shaped moutli, like the one in the first 
chamber, and flat plates \vi4h centrally fixed holes to which 
are fitted small neck pipes on the bottom sides, also three 



Fig. 57.— Peppers’ Patent Continuous Ivxtractor fortlic Rccov^y of Caibolicand Cresylic Acids. 


shallow dished pans with slotted openyigs round the edge. 
These dished pans are placed between the jflates. 

The liquids on entering section i pass through the central 
hole into the disced pan beneath it. flowiifg through the opening 
at the edge on to section 2, where they splash together and run 
through the central hole into the disflied pan, as in section l. 
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This ^o(\s on tliroiifjh all llic sections. On leavjn^^ tlic last 
tection the mixture (’liters the tank J, wliieli is similar in con- 
struction to tank 1) on the crude carbolic ]iortion of the plant. 
The si'paration of the oil and cresrlate takes ])lace in this tank, 
till' oil flowing throiigli the regulation cock K, and the 
cresylate under the curtain plate and thiough the cock L, 
into their respective storage tan^s. 
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THE RECOVERY OE CARliOLIC AND CRESYLIC ACIDS 

('rude rarliolic and cresylic at ids chemical and physical properties of 
])l.enol and the cresols — caiisticisin^f soda ash .ind “ spent lit|nor ” — 
washing oils for lai acids -intercli^nge proc ess— particulars relative 
to washing oils for crude* carbolic and cresylic acids — w'oiks costs • 
recovery of lar acids from })henolate suljihunc acid process — COo 
lirocess distillation of “ sprung ” cresylic acid air-blowmg distilled 
cresylic acid 

('riI)I'; carbolic tind cresylic acids an* a sc urcc of considerable 
income to the tar distiller, and in all well rc'gulated works every 
care is (wercisc'd to recover the maximum amount of each from 
tlie tar distil late« in wliicli they exist. Tlu'se two articles con- 
sist of mixtures of phenol ’, cliiefly of Ihi' monoliydric series, of 
whicli pheiRil, carbolic acid or hydrox\d.)enzenc is 

tlie first. The next in the series are the three isomeric cresols 
or Ityclroxytolucnes (CJI4CH3.OH). 

Phenol occurs in tlie form of colc'nrless deliquescent prisms 
which melt at a temperature of 42.5° C., and turn ])ink on ex- 
posure to light. It boils at 183'' C., and can be distilled in a current 
of steam. At 0° C. phenol jiossesses a specific gravity of 1.084, 
iit 18'' C. 1.065, 33“ E., 1.0597. ether, alcohol, 

carbon disuljihidc, benzene, carbon tetracliloride, tetrachlor- 
plhane, glacial acetic acid and glycerine, phenol is soluble 
in all proportions. It is also soluble in the fixed and volatile 
oils. A mt <ture of half camphor and half phenol crystals 
liquefies on standing, wi:h a fall in t'^mperatuic. On account 
of the high molecular depression of phenol and the small mole- 
cular weight of water a small percentage of the latter (a^out 8) 
renders phenol liquid at ordinary temperatures. It is only 
sparingly soluble in water, i part dissolving in 15 parts of water 
at 16° C. Aqueous and alcoholic^ solutions of phenol give a 
violet colouration with ferric chloride. Phenol is used largely 
in th< manufacture of salicylic acid, salol, jticric acid, phenacetin, 
and many other important substances. 

The tliree isomeric cresols, ortho, m^ta, and para, occur 
in commercial cAisol or cresylic acid, the proportion of each 
varying in different samples. Schulze.givcs the following aver- 
age figures : M. cresol, 40 per cent. ; 0 . crcsol, 35 per cent.; 
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and P. crcsol, 25 per cent. In water the three cres«ds arc only 
slightly soluble. At 15° C. 100 parts of water dissolves 2.5 
parts of the ortho, 0.53 ])arts of tlie meta.'and 1.8 parts of the 
para. Alcohol and ether dissidve the three isomers with ease. 


TAJ^LK XV T 


O. [i Cic^l. M. [i 3j C'icsol 


P [1 Crf'so], 


M. Pt. (cor- 
rected) 

B. Pt. (cor- 
rected) 
Sp. gr. 


.io° C. 

190.8'' c. 

.0033 at 65" C. 


202 . 8 ° 

1.0498 at o'" ('. 


36° C. 
201.8° ('. 
o.()()()2 at ()(/' C. 


Owing to the presence of the radich^ in phenol the OH 
group (hydroxyl) possesses weak acid ])roj)erties (its basic 
character being somewhat modihcHl). This is ^hown in its 
behaviour with caustic alkalies, with which it reacts to form 
phcnolates. On^^ of these which is of importance to the tar 
distiller is known as sodium plienate. and it is formed by acting 
upon phenol with caustic soda. It is represented by the 
formula Cgllr,.ONa, and the reaction is indicated by the follow- 
ing equation : - - 

CyH^.OH + NaOll - CeH^.ONa + Kp. 

The hydroxyl (OH) group in tlie cresols is also weakly 
acidic in property, but not so strong as in the case of phenol 
This is probably due to the modifying influence of the CHj 
group in the CgH4.(Tl3 radicle. By acting upon the cresols 
with caustic soda, cres^^lates are formed having the formula 
CgH4CH3.0Na. If a mixture of phenol and cresols is treated 
with insufficient caustic soda to combine with the whole, then 
a preference is shown for the phenol owing to its stronger acidic 
property. This fact is used in practice in the recovery of 
carbolic acid from oils which contain both phenol and cresols. 
Sodium phenolate and the sodium cresylates are stable in 
aqueous solution, but are readily decomposed by solutions of 
mineral acids, hydrochloric ac^id gas, sulphur dioxide, and carbon 
dioxide. 

In the process of recovering tar acids from the distillates 
which contain them, a solution of caustic soda is used, the 
strength of which varies somewhat according to the kind of 
acid to be" extracted or. the process employed. The caustic 
soda is sbmetimes made at the tar works and concentrated by 
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evaporati<fn, and in those works employing the COg process, 
the manufacture of caustic soda (causticising of the spent 
liquors) is an everyday occurrence. On this account a de- 
scription of the process of causticising soda ash and spent li(iuors 
will be given, before dealing with the recovery processes. 

The best quality of soda ash (sodium carbonate) to use is 
that known as 58 per cent. aMcali. This co* tains on an average 
98.75 per cent, of actual sodium carbon;* .e (Na.COJ. In the 
process of converting this material into caustic .soda (teclmically, 
causticising) quicklime of a high grade is employed ; the be^t 
lime for the pur]X)se is white Buxton lime. Theoretically the 
reaction which takes jilace is shown by the following equation : — 

NaXOg-l- Ca(0H)2 = 2Na011 CaCO^ 

106 74{5b('a6) 80 100 ' 

In practice it is necessary to use between 10 and 15 per cent, 
of lime above the theoretical quantity^ as the reaction is a 
reversible one. and, to obtain the best re^dts, tlie soda-ash solu- 
tion inust be as dilute as pcjssible. Using an ash solution of 
20-22 Tw. (i.io-i.ii sj). gr.), the amount of sodium carbonate 
caiHticised will be betwt'cn 95 and 97 per cent. Some prefer 
to add sl:ik('d lime to the ash solution, bi^ in the writer's 
opinion it is far better to emjiloy quicklime and make use of 
the heat generated during its hydration to assist in the causti- 
cising ct the sodium carbonate. 

The process is carried out as foil )ws : Water is run into the 
causticiser until it reaches within a few inches of the bottom of 
the lime grid. Open stcxim is turned on as soon as the coil is 
well cov'ered, and steam is allowed to pass during the remainder 
of the time of charging, and until the water practically reaches 
its boiling-point. Tlie desired amount of soda ash is added to 
tl.e water, commencing as soon as signs of ebullition appear, 
care being t^ken not to add more ash than is necessary to give 
a specific gravity of i.ii (22''-’ Tw.) at 60^^ Fahr. It is an easy 
matter to calculate tl is amount fcr any size of causticiser, 
once and for all, from the figures obtained by carrying out a 
small experiment in the chemical laboratory. The ash .solution 
should cover the bihtom bar^ of the grid about one inch, and 
while at a temperature of about 198° FaJir. the lumps of caustic 
lime should be thrown into the grid, a few shovelfuls at a time, 
until the calculated quantity has been^ added. Let each lot 
of lime “ break down ” and wash out of the grid before adding 
a further quantity. Keep the agitator running slowly all the 
time. For a causticiser containing about 1200 gallons the 
operation shoulfl take about 15 to 20 minutes. As soon as all 
the lime is in, shut off the open steam, put on the closed steam, 
and increase the speed of the mechanical agitator a little. 
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After about il lioiirs it is as well to remove a sampit and test 
it to si'e liow tlie eaiisticisation is prof^ressing. It generally 
takes about i J to 2 hours after the lime is all in to complete the 
opi'ialion. This time may be shortened a little if a large excess 
of hint' is used, for instauct' no lbs. of lime to every loo lbs. of 
soda ash used. 

When tile cans' icisatiou is ctmiplete, the contents of the 
causticisers art' allo^'cd to lemain at rest lor about 3 hours, 
and then the clt'ar caustic soda removed by a skimirt'r pijie to 
the storagt' tank ; as much as ]X)ssible ol tht' caustic sotla solution 
should !:)(' run ofi. I'o llu' mud is now added stnnt' colti water, 
the volume (lt]K'nding ui)on tht? quantity of mud ; it it) cwts. 
of stxla ash havt' been causticist'tl. then about 25t) gallons of 
whaler will be suthcit'nl . Ojieii steam is turned on and the 
agitatt)!’ started, and both the passage ot steam and tht? agita- 
tion are continued until the contt'uts of the tank begin to boil. 
One hour is alloweti Toi settling, and then the clear litpior is 
run direct to the t'va])orator, any milky litpior being passed 
through tht' filter first. A further 250 gallons of cold water 
art' added to the mud, anti well mixetl 111 by mechanical agitation 
only, after which about one hour is allowed for settling, the 
clt'ar liquor is skimnu'd t)ff for evaporation, anti tht' soft mud 
then run on to the filtt'r. The liquid which filters through is 
evaporated down, and then added to the strting caustic soda 
with the other concentratt'd washings. By this method t>f 
washing it is possiblt' tt) rediict' the ctmtent ol actual caustic soda 
(NaOll) to 0.5 pt'r cent. If it is desired to dry the mud further, 
it may be transferred from the filter to a special centrifugal 
machine. 

Before causticising tlie “ spent liquor,” which is separated 
from the tar acids at the divider tanks, it is necessary to bring 
it up to a standard strength by adding soda ash. ’ d'he quantity 
of ash it is necessary to add is found by submitting a sample of 
the spent liquor to analysis. A good standard to work to is 
10 grams of ash |)er 100 ac.'s. Tlie amount of ash required to 
bring the ” spent liquor ” up to strength being added, caustici- 
sation and the washing of the lime mud are carried out in a 
similar manner to that just described. With reference to the 
amount of lime to be .added, the writer has obtained the best 
results by using 6 to (ij cwts. of best Buxton lime for every 
10 cwts. of actual sodal^ish in solution in the ” spent liquor.” 
It is not possible to gauge the strength of the ” spent liquor ” 
by means of a hydrometer, as it contains impurities which' 
affect the specific gravity. Caustic soda for washing out 
cresylic acid is often made a little stronger, andThis necessitates 
reinforcing the causticised ” spent liquor ” by the addition of 
some strong caustic soda solution, or by evaporation, this 
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latter opciation naturally raising the content of caustic soda by 
reducing the q\iautity of water. Unfortunately, evaporalfon 
increases tlie pc'retntage of impurities, and if this gets large 
the reaction between the tir acids contained in an oil and tlie 
caustic soda in ihc liquor is somewhat ndnided. 

Oude carbolic and crc'sylic acids are extracted from crude 
naphtha, light oil, carbolic o^l, or light erfo'ote. The methods 
of dealing with these distillat(‘s before ext acting the tar acids 
vary morr or less in ditferent works. ‘•'.om{*tuues*the oils are 
submitted to distillation first, sejiarating into two or three 
fractions ; at other times a portion of the tar acids is washed 
out v)f the oils, after which they are distilled and the distillates 
washed tor tar acids, ('drcumstaiices determine whicli process 
is carried out and also the number of tractions made, and their 
cut points. Whichever piocess is used the tar acids are washed 
out with caustic soda lye, and n^covered by either the CO2 or 
sulpliuric acid method. ^ 

•Hetor(‘ tlie oils are washecl with th(^ caustic soda lye they 
should be allowi'd to settle' in the washer for a short time in 
order to settle' out any entangled ammonia water. This 
mate'iial will only dilute the' lye', but as it generally ceintains 
ammeiniuin sulphide a re'actiem will take ])lace, resulting in the 
feirmatio’i eil seielium siilphiele and ammeinifim hyelrate* ; the 
feirmer conqxnmd is incapable of cemibining with tar acids, and 
tlms reduces the* active' stre'iigth eif the lye'. During the settling 
out ])re)e:e‘ss. a,ny eiil wide h se'paiate's na,])hthale'ne' (“salts 
eait ’’) must be ke'pt warm by me'ans e>f a clejsed steam coil, 
and it is alsei ne'ce'ssary to wash this type eif oil at an elevated 
tempe'ratuix'. ddiis te.'m])erature must ne)t be too high, and if 
the cau''tie: lye is used hot the same prex'.aiitioii must be taken. 
If the oil or lye* is toe) hot the* ameeunt of tur acids extraeded is 
not so great as when warm or cold. Alse), if the process of 
interchange is being ca.rrie'el e)ut and the carbolatc or oil is too 
hot tlu'rc * a tendency for the carbeelate to give up .some of its 
tar acids to the oil. \ goeid “average” temperature' to use 
when washing is 85" h'ahr. It she)ulel be borne in mind that the 
caustic soda lye must not be too strong. 

The method eif niterchang'' is employed in both the*C0.2 and 
sulphuric acid processes. It consists in adding a phenolate 
containing a little carbolic and much cresylic acid, or all cresylic 
acit', to an oil rich in carbolic acid, when the carbolic acid in the 
oil displaces the cresjdic acid in combination^ with the soda in 
the phenolate, the cresylic acid going into solution in the oil. 
Intcrclringc takes place. 

If the tar acids are to be recovered by the sulphuric acid 
process, the fresh, or “clean,” caijstic soda lye»used for the 
purpose of washing an oil is moderately strong, -varying in 
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specific gravity from T.150 to 1.225 Ralir. TJic specific 

gravity of “ clean ” lye used in the CO^ proc^^ss varies between 
I. no and 1.140, but that from *' sjient liquor ” generally has 
a much higher specific gravity (at times 1.150), due to im- 
'purities in soliitjon. Sometimes “ clean ” lye is used to wash 
a fresh oil, and with reienmee to the amount of caustic lye re- 
quired, this will va^y according to^^ whether it is desired to take 
out the whole of th^ tar acids or only a portion. By testing 
the oil for its coplent\/ tar acids, and using the equation given 
on page 114, or by adding measured volumes of lye to a known 
qilantity of oil until no further decrease in bulk takes jilace, the 
chemist can determine approximately how much lye to use. 

In following through an i-nterchange process, using mode- 
rately strong lye at tlie finish, it will be assumed that the 
phenolate with which it is desired to wash the fresh oil stands 
at a specific gravity of i.iio and contains 21 per cent, of tar 
acids possessing a crystallising point of bo^" Fahr. 

It is not possible to give detailed figures with reference’ to 
the amount of phenolate to be jiut on an oil ; this will vary 
according to the quantity of oil it is required to wash and also 
with the kind of oil. The amount must, therefore, be determined 
by experiment in the chemical laboratory. After the oil has 
been washed witldthe phenolate containing 21 p(‘r cent, of tar 
acids, it is allowed to settle for a short time, say about half an 
hour; the phenolate is then run off to a storage tank, tested, 
and retained for further use. The oil is then washed with 
another phenolate containing, say, tar acids of a crystallising 
point of about 58'" Fahr. With a good oil the crystallising 
point of th(' tar acids in this phenolate will be probably raised 
to about 60^ Fahr. A further settling of the oil and phenolate 
is allowed to take place and the phenolate removed to a storage 
tank, or if desired into the tank containing the phenolate wliich 
has in solution the higher crystallising acids. The oil may 
now be washed with anofher phenolate containing tar acids 
possessing a cry.stallising point of, say, 45'* or 50° Fahr. The 
crystallising point of these acids will probably be increased to 
50" or 55° Fahr. A settling is allowed, as already described, 
and'the Jlhenolate removed. Sometimes the oil is now washed 
with a strong solution of caustic soda, the specific gravity of 
wliich may be 1.175 at 'Oo'^ Fahr. The resulting phenolate is, 
as a rule, used on a fresh oil. Should the oil be particularly 
rich in crystallisafile acids, a further wash with phenolate may 
be given before using caustic soda lye ; and in this connection 
it should be urged that tests be made in the chemical laboratory 
throughout the whole ofieration of washing. 

The following particulars relative to washing oils for crude 
carbolic only or for crude carbolic and crude cresylic will no 
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doubt prov^ useful to tlie student. They are taken from actual 
works practice'. • 

Crude - Washed free of tar ycids (total extraction) : 

1000 gallons of oil taken. ^ 

350 to 450 gallons of caustic soda lye at Tw., or 
equivalent in active', strength, if fen* ('O2 recovery process, or at 
30--35'' Tw. if fe)r sul])huric acid rece)very j^rocess. Resulting 
phene)late reserveel fe)r interchange'. 

Li^hl Oil.- Washing lor carbolic only (</) : 30oe^ gallems of 
virgin e)il take-n. 

isi tea sh. —10{)0 gallons caustic seida lye (7.6 giains NaOH in 
:oo C.C.). Resulting pheneilate sent eliieci to COg carbolic 
re'cove'ry plant. , 

2 nd xvus/i. hoe) gallems caustic soda lye (7.6 grams NaOH to 
ie)o C.C.). Resulting iTie'iiolate sent direct to 00.2 recovery 
])lant. 

yd KHisli. ie)e)o galleins weak pheneilate off once distilled light 
• eiil eir eiff cruele n:i])htha eir virgin ligh* e)il. 

Test resulting phenolate^ If jiheiiols low in crystallising 
peiint use for inte'rchange on light cresote', if crystallising 
])e)int suitable run jihenolate tei re'coyery plant. 
q/Zi iciisli. 1000 galleuis weak pheiiolate*. 

l\’e Milting ])he'ne)late to be used for interchange. 

After the four waslu's distil tlie light oil. The distillate, 
known as “ eince' elistilk'el light oil,” is washeel with clean caustic 
soda lye until fre e freim tar aedds, and the resulting phenolate 
is kept lor interchange purpeise's. 

2000 ,.,all')ns once distilled light oil for washing. 

1000 to 1500 galleins caustic soda lye added according to the 
amount of tar aciels ])re"sent. 

Note. If using the sulphuric acid revovery process the 
caustic soda lyes are used stronger and correspondingly less in 
volume. 

Li^Jil b' 7.— Washing for carbolic only (/)) : 3000 gallons of 
virgin oil taken. 

1 st lOiish. 1000 gallons weak phenolate off light oil, crude ^ 
naphtha e)r once distilled light oil. 

Resulting phenolate reseived for interchange. * 

2nd wash. 1600 gallons weak phenolate as used for ist wash, 
Resulting phenolate to be used for interchange, say, on light 
? creosote (or carbolic oil). • 
jVe.’c.— After this wash treat the lights oil as in example (a) 
above. 

Light 0//.— Washing for carbolic and cresylic (a) : 3000 
gallons of virgifi oil taken. * 

1st wash. 1000 gallons of caustic soda lye containing 7.6 grams 
NaOH in 100 c.c. 
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Resulting phenolate sent direct to COg carbojic recovery 
vr plant. 

2 n(l wash. 600 gallons caustic soda lye (f.6 grains NaOH to 
100 c.c.). 

Resulting idicnolatc' siait direct to carbolic recovery 
plant. 

yd wash. 1000 gallons moderately weak phenolate from 
interchange carbolatc boiler.' 

Resulting jiK+'nolate if crystallising point of tar acids 
suitable sent lo carbolic recovery plant, if crystallising point 
‘ still too low use for interchange again. 

4//i wash. \ Each of 1000 gallons caustic soda lye at jo® Tw. 

5//1 wash. I Resulting phenolyte sent to cresylK' recovery plant 
(COg process). 

Notes.— (a) Some distillers prefer to send the light oil to the 
still with about 4 per cent, to 6 per cent, tar acids left in, 
and then wash the once distilled light oil as already de- 
scribed. {b) If ’tfie sulphuric acid recovery jirocesjt is 
used the clean caustic soda lye may stand at 35 -40° Tw., 
and {'orresporulingly less in volume is r(‘(]uired.' " 

Lii^ht Oil. \\ ashing for carliolic and cresylic (b) : 3000 gallons 
virgin oil taken. 

wash. 800 gaJlons caustic soda lye (7.6 grams NaOH to 
100 C.C.). 

Resulting phenolate sent to C'Og recovery plant or to 
interchange idienolate boiler according to crystallising point 
of tar acids. 

2nd wash. 800 gallons caustic soda lye (7.6 grams NaOH to 
TOO c.c.). 

Resulting phenolate dealt with as that from ist wash. 
yd wash. \ Each 1000 gallons caustic soda lye at 30° Tw. 

4ih wash.) Resulting phenolate sent to cresylic recovery plant 
(CO2 process). 

Nole (a). — Test oil and if not free of tar acids put on more 
caustic soda lye according to requirements. 

Notes {b) and (c) — See notes («) and (6) under light oil washing 
for carbolic and cresylic (/;) above. 

' Middle 0 / 7 .— Washing for carbolic only : 3000 gallons 

oil taken. 

1 st wash. 1000 gallons ‘'caustic soda lye (7.6 grams NaOH to 
100 C.C.). 

Resulting pheiitolate sent to COg carbolic recovery plant. 
2 nd wash. 500 gallons caustic soda lye (7.6 grams NaOH to 

100 C.C.). 

Resulting phenolate sent to carbolic recovery plant (COg 
process), or 800 gallons caustic soda lye (strength as above). 

Resulting phenolate reserved for interchange on light oil. 
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Middle /)iL — Washing for carbolic and crcsylic acid: 
3000 gallons oil taken. • 

1st wash. 1000 gallon-, caustic soda lye at y.h grams NaOH to 
100 c.c. « 

Resulting ])henolate sent direct to carbolic recovery 
plant. 

27 td wash. 1000 gallons caustic soda lye, strength as in 
1st. wash. 

Ri'sulting phenolate used for inte'’^niangc oiT light oil, 
and then sent to carbolic recovery plant (CO^ process), 
yd wash. 1100 gallons caustic soda lye at 30" Tw. " 

Resulting phenolate sent to crcsylic recovery plant, COg 
process. « 

yh wash. 1100 gallons caustic soda lyi; at 30" Tw. 

Resulting i)heiiolate sent to crcsylic recovery plant (('()2 
process). 

Note (a ). — Test oil to see if it requires anv more caustic soda 

Note {h). If the sul])hurie acid recovauy process is used, lye 
of 35"" Tw. may be used for the carbolic (wtraetion, and 

Tw. for file crcsylic acid extraction, and a h'ss volunu* 
will be re(]uirc(l in eae]i case. 

» 

With reference to manufactuiing costs it is not possible to 
give an\' but average tigurcs, as the cost of raw materials and 
labour vary from time to time, and in ditti'rent parts of the 
country. I'ho average cost for labour and chemicals to produce 
I gallon (-1 bo" crude carbolic acid by the (X)^ process is i.62d., 
and if carbolic and crcsylic C()2 recovery plants are worked 
together the average cost for labour and chemicals to produce 
I gallon of tio'-'’ carbolic is i. 48 d., and i gallon of 97-99 per cent, 
cre^ylic, i.Ood. The cost of producing i gallon of tar acids by 
the sulphniie acid recovery jirocess averages out at about qd., 
this high h ,rfre being due to the fact that all the caustic soda, 
is wasted, and a larger ^ olurne of B.O.V. is required than in the 
COg process. 

Table XVTI gives the results of some works experiments 
on w'ashing oils which may pro^'e useful to stiuUmts. * 

In all the washing processes care must be taken not to agitate 
too vigorously or too long, as there is a possibility, if this is 
done, of forming undesirable ernulsTions which may take several 
houis to separate. Some of the lighter t^r distillates, such as 
crude naphtha, once run light oil, and sometimes even virgin 
light oil are washed entirely free of phenolic bodies, and there 
are cases when cyen a light creosote is served in the same way. 
At times, however, virgin light oil aT\d light creosote are only 
partially washed for tar acids and then submitted to a distilla- 
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tion. It is soineiimcs preferred to distil the light pil and light 
(treosote previously to washing for tar atijls. Which of these 
various methods is used will depend entirely upon the circum- 
stances existing in the' works. Ili should he remembered that 
an oil containing a fair amount of naphthalene* will deposit that 
substance in the* washer very freely after the tar acids have 
been washeel out. 
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It appears that tar aciels assist in kee*ping naphthalene in 
solution. It is necessary then, in cases of tliis description, to 
keep the eiils at a tem])eratur(^ abe)ve that at which the naph- 
thalenfc contained therein will crystallise out. As the majority 
of tar distillers manufacture crude carbolic and cresylic acids, 
it is necessary to run* those phenolates which contain tar acids 
which do not crystallise at,‘ say, about 35” Fahr. into special 
tanks to be worked bp for cresylic acid.* Only those phenolates 
which contain 'crvstallisable tar acids are used for the manu- 
facture of crude carbolic. The last wash off the light oils, and 
generally all the washes but the first off light areosotes, are used 
for the manufacture of cresylic acid. 

Tl^e n^xt process is to recover the tar acids from the phenolate, 
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nd the metljod used is the same whether the phonolate con- 
lins crystalli sable aci^s or cresylic acid. 

Dealing with the sulphuric acid “springing” process, which 
enerally follows the interclui^ige process just described, the 
henolate is run into a suitable tank and diluted witE water until 
:s specific gravity reaches t.o8 at ()0'' h'ahr. It is then allowed 
3 rest for an hour or two, in oixjer to allow any oil which may 
e held in suspension in the phenolate to rise to the surface, 
'his oil is skinimecl olf, as should it get mi^.xl up, with* the cry- 
tallisable adds it will reduce the crystallising point, or, on the 
ther hand, should the acids be non-crystallisable (cresylic * 
cid), it will probably bring down their value by increasing the 
mount 0^ impurity in the finished psoduct. 

After the oil is skimmed off, sulphuric acid of about 146° 
w. (B.O.V.) is added carefully, with thorough stirring. The 
mount of acid necessary to ” spring ” the tar acids should not 
e ex’ceeded, and can be found by occasionally testing the 
onteitts ot the ” springing ” tank with f'lue iitmus paper. 
V^hen the contents are just acid to litmus, after a thorough 
gitation, they are allowed to rest for from six to eight hours, 
'he tar acids an' then separated from the sodium sulphat(‘ 
quor underneath by first of all removing the latter through 
bottom dr'iiii cock, care being taken that no tifr acid ('scapes 
uring the ojieration. The suljfiiate liquor is run to the sewer. 
Vhen tar a^ids begin to sIkjw, it is as well to allow a further 
ettling of about ten minutes or so, or to run a few gallons 
hroagh a separator. The tar acids mav then be conducted to 
, storage tank, and tc'sted for strength, jirior to mixing with 
ther strengths, or to filling into packages for despatch. 

With reference to the strength of the sulphuric acid used, 
he writer prefers to dilute the B.O.V. to about iio^^ Tw. and to 
:eep the phenolate at a spcxific gravity of i.io at ()0° Fahr. 
f too strong an acid is used to “ spring ” the phenolate, there 
3 a risk of tl ' •sodium suljfiiate crystallising out in the ” spring- 
ng ” tank during the settling period, and if this takes place, it 
rill make it very awkward when the time comes to carry out 
he separating operation. Strong acid is also liable to act upon 
he phenols, forming ‘^ulphonic acids : these bodies beinS^ un-* 
lesirable in either crude; carbolic or cresylic, as they split up 
luring the refining operation wlum the inaterial is distilled, 
[he tar acids should be allowed trt rest in the storage tanks 
ome two or three days, in order to settle out j^ny entangled 
lUlphate of soda liquor. This is necessary in the case of both 
:arbolic acid and cres3dic acid. 

It is desirables to clear the storage tdnks occasionally of 
;he soda sulphate liquor and sometimej^ crj^stals which settle at 
;hc bottom. ShouM crystals form, it is as well to steam the 
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tanks out by inserting a temporary i-incli steam liuain into the 
'tank. 

Carbolic acid is sold in various qualities, such as 40’s, 45’s, 
50’s, bo’s, etc., and it is possible by a process of mixing to build 
up any desired quality, cither from the phenolatcs or the 
“ sprung ” carbolic acid. A very simple calculation will give 
the approximate volume recjujred. The mode of calculation 
as used on “ sprung ” acid is shown in the following example : 
Suppose ‘in oue stoL ge tank there arc 200 gallons of 55’s carbolic 
and in another tank a quantity of 45’s acid. It is required to 
convert the 55’s into 50’s carbolic ; then — 


200 X 55 + .r45 - 50 (200 + .v) 


■ .v5 - —1,000 
1,000 

.T - 

5 


^ 200 gallons of 45’s acid are required. 


In the CO2 process the oils are washed with a caustic srtda lye 
of a strength sufficient to absorb, in the case of carbolic acid, 
an amount which, when the ])heiiolate is tested, will correspond 
to about 15 ])er cent, of the pheiiolate, and in th(‘ case of cresvlic 
acid about 20 ])er cent. The caustic soda as obtained from the 
causticisers, if'the process is carried out proiierly (see page 115), 
will be of sufficient strength to yield a iihenolate containing 
15 per cent, appro.ximately of tar acids, and, as already men- 
tioned on page 116, if the lye is to be used for tlu' ri'covery 
of cresylic acid, it must be reinforced with a little strong caustic 
soda made with the 77 ])er cent, solid caustic soda or with 
the electrolytic liquid. 'I'lie interchange method may be used 
in the CO., process of recovery, but a little more care is necessary 
in carrying it out. 

Before washing the oils, it is absolutely essential to allow 
any, ammonia water to settle out. This is necessary, as it not 
only reduces the percentage of active agent (caustic soda) in 
the lye by dilution, but also by combination with the sulphur 
which exists in the ammonia water as ammonium sulpliide, 
sodium sulpliide being formed. It appears, from the results 
of a rtumber of experiments made by the writer and others, that 
part of tills sodium sulphide is converted into sodium sulphate 
during the progress o'f the phenolate through the plant. 

In the process undet consideration, the phenolate is 
“ sprung,” or, decohiposed, by carbon dioxide (CO^), which is 
contiiined in the gas prepared in one of the furnaces mentioned 
in chapter vii, pa^e 97. The phenolate passes down the 
” springing ” or reaction tower, over the packing or plates, 
and the gas containing the COg, entering the bottom of the 
tower and travelling in an upward direction, comes into contact 
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with the fiiiely divided phenolatc and decomposes it. No 
phenolate should be, passed throu/^h the tower weaker thaa 
15 per cent, of taf adds, and tlie rate of pumping to the top 
of the tower should be betweijn il and 2J gallons per minute. 
This speed will vary according to the ty])e of toyv^er used and 
the richness of the gas passing up that tower. It is advisable 
to use a gas containing not less than 19 per cent, of C'Oo, by 
volume, ('ases frequently occur, however, where il is not 
possible to oJ)lain a gas containing more tlj^/i 15 to cent, 

of COo, and in these cases it is necessary to rechice tlie speed 
of the jnimping to somewhere in the neighbourhood of * 

gallons of })lienolate ]>er minute. It is very advisable to 
test the spent liquor as it runs fronj the sei)arat{)r, to find the 
])ercentage of tar acid it contains. The ma.ximum amount 
allowable for a ])lant working perh'ctly is 0.5 jier cent., and 
should this amount be exce(‘(led, then it is time to look round 
the plant to se(' whether the gas is ])oor in CO.^ owing to the 
birnat'e wanting re-charging, or the charge burning hollow, or 
diu' to leaks in the gas main, or wliether the siieed of tlu‘ pheno- 
late IS above that which it should be. Jt should be ])ointed out 
that care must b(‘ taken to jircvent oil getting into the reaction 
tower with the phenolate, and time should be allowed lor this to 
separate in the jihenolate boilers. In order to k#c'p the reaction 
tower in good working order, it should be steamial out at in- 
ter'’als of about eight weeks. 

With reference to the manipulation of the COg furnace, it is 
ad\isable to charge this piece of ajiparatus about every four 
hours, or even more frequently with some types of furnace, 
and in all cases to see that hollow places do not occur, and that 
; he 'xmtent s of the furnace are kept compact. This of coursii can 
be done by regulnr inspection, and, if a defect is found, using 
the pijker intelligently. The coke should not be too large, 
about a size wiiich will pass through a il-inch to 2-inch riddle 
or sieve, it must be of the best quality, as free as possible from 
water, sulphur, and clinb r. 

The tar acids and spent liquor leave the reaction tower at the 
bottom and are conducted to the two dividers (see chapter vii, 
page 94), and here the tar acids are separated from thesperft 
liquor, the latter running to storage boilers, and the former to 
settling receivers. The tar acids are allowed to stand in these 
receivers for several hours, to settle out entangled spent liquor, 
and then run into the finishing tank in measured quantities, for 
treatment with a small amount of sulphuric acid. It is necessary 
to use tliis acid, owing to the fact that a complete decomposition 
of the phenolate ioes not take place in thef reaction tower. The 
acid should be added carefully, with thorough agitation, until 
the mixture changes a blue litmus paper red. In this ©peration 



126 


COAL TAR DISTnXATION 


the acid not only decomposes the remaining phenolate, but 
^^assists in the removal of some of the water. It is advisable to 
use a B.O.V. of about 140“^ Tw. in this operation. 

After the acid has been added, it is as well to carry out a 
laboratory tqst for the crystallising point, if crude carbolic is the 
quality under treatment, and in any case for the percentage 
of water. Should the latter be above 15 per cent, it will be 
necessary to add a little more acid to the contents of the finish- 
ing tank' in o/derS^hat it may be reduced. Whep the desired 
result is obtained, the acids arc best removed to a storage tank 
by syphoning over into a blow-boiler and transnutting by com- 
pressed air. 

With reference to the finishing of cresylic acid, it is necessary 
to remove as much water as possible btdore transferring to the 
storage tank or the still charge tank. The reason for this is that 
water is a difficult material to contend with during tlie process of 
distillation. If care be used, a large quantity ol the entangled 
water may be removed by the use of acid in the finishing t/tnk. 

After the carbolic acid has been allowed to remain in the stor- 
age tank for a short time, it is ready lor despatch, and is either 
barrelled direct from the tank or else pumped (or, better still, 
transmitted by compressed air) into railway tanks or tank boats. 
Of course it isMiecessary that a careful test be made in the 
chemical laboratory to dtdermine the crystallising point and 
other constants of the acid before it is despatched, and it is also 
advisable to keej) two large samples, say of a pint eaeh, in case 
a dispute arises between the buyer and the seller. The specific 
gravity of crude carbolic acid varies between 1.050 and 1.065. 

It is policy before submitting the cresylic acid to distillation 
to allow a further period of time for settling, to enable any en- 
tangled acid liquor to settle out, wtiich, should it get into 
the still, would injure it, and also spoil the pitch. Further- 
more, the distilled cresylic acid would not be improved by the 
sul])hurous acid set free during the distillation. When the 
cresyfic has settled sufficiently long, it is charged into the still, 
the fire lighted, or if producer gas is employed, this is turned on 
and ignited. The heat may be increased rapidly until such 
time 'as the dome of the still begins to get hot, when it is 
advisable to slacken the temperature of the furnace and work, 
carefully until water' and acid appear at the worm end. The 
rate of distillation must be carefully regulated, in order to avoid 
any risk of a boil-ovel:. A mixture of water and acid comes over 
first, and this separates, after leaving the collecting box, in 
the separator described on page 106. If the cresylic acid has 
been carefully prepared, there will be very little oil in the first 
runnings. These first rupnings consist to a large extent of poor 
carbolic -acid, but in cases where the «till is provided with a 
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good fractionating column, it is possible to obtain a fair per- 
centage of a moderately good carbolic acid. When a fractionatr 
ing column is used, it is essential that no distillate be passed 
into the column until water, discontinues. Immediately this 
takes place, then the by-pass is thrown out of^gcar and the 
vapours conducted into the fractionating column. The i)oint 
at which the distillate is changed over from carbolic acid to 
cresylic acid must be determined for each particular batch of 
acid as it undergoes the course of distil la; i/ni, and the chemist 
should receive smniiles occasionally. A usual method is to 
catch the carbolic fraction into barrels, and then change over* 
to the cnsylic receiving tank, cutting out the fractionating 
column at th(‘ smne time by means of the by-pass. Some 
jirefer to work each still charge to pitch, but this is a dangerous 
proceeding as a rule, thc' risk ol burning the plates of the still 
lieing very great. It is far better to work several charges up 
to a determined jioint, running off the bottoms each time into 
<i b(Jttoms st(»r;ige tank, and whi'ii sufiicitM.t has accumulated, 
to make up a still charge and sunmit to a re-distillation. If thc 
bottoms are particular^' rich in cri'sylic, it may bt* necessary 
to run off again into a bottoms tank, and so proceed until they 
become very viscid, when the final distillation is made with the 
c'hject oi v'c.rking to pitch. The method of ]iri#ce<lure must be 
determined by the clu-mist, or manager of the works, for his 
particukn (piality of cresylic acid. Cure must be taken in 
working to i)itch that the distillati(ui is not carrit'd too far. 
To ovei-run the point when pitch is lormed will jiroduce either 
pitch coke 01 an intt'rmediate product which may be termed 
spongy pitch ; the latter material is dangerous, as it is exceed- 
ingly liable to spontaiu'ous combustion immediately the still 
manlid is removed, and it is also diflicult to remove from the 
still, Pitch coke on the other hand is not liable to spontaneous 
combustion, but it has to l^e chipped out of the still, and during 
its formatn u* the plates may become badly burned. Cresylic 
pitch is not of much value alone, and is generally mixed with 
the large quantities of coal tar pitch in the bays. 

A 1500 gallon charge of w(dl settled cresylic acid, if worked 
to bottoms and not pitch, will take about 24 hours tc^ ftni^i. 
The total yield of crude carbolic acid, possessing a crystallising 
point of about 46"" Fahr., will approximiftc 9 per cent., that of 
•98 per cent, quality cresylic 60 per cent., water 8 per cent., 
and bottoms 23 per cent. A mixture (*f bottoms, when dis- 
tilled, will yield approximately 80 per cent, of cresylic acid, 
the balance being pitch and loss. 

The cresylic acid as obtained from tht still is not ready for 
sale. Distilled cresylic acid contains HgS and other sulphur 
compounds, wliich give to it a very unpleasant odour^ and it is 
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necessary to remove tJicse objectionable compounds before 
placing the acid upon the market. To, remove these com- 
pounds the acid is air blown in the special tank described 
■on page 107. Tlie acid is transferred from the receiving tank, 
('ither by a pump or com]>ressed air, to the air-blowing tank. 
Air is now passed into the acid by means of an air com- 
pressor, or else drawn through the acid by a steam ejector. The 
foul air must be dealt with according to the Alkali Act and 
tluTefore yioujd be\;^4 hurned ” or passed through puriliers, and 
not allowed to cscajx* into the atmos])liere. As Regards .the 
length of time lecjuired to fret' the acid from Siiljdiur compounds, 
nothing definite can be said, but as a guide to the learner, an 
average figure of tliree day.s may be taken. It is necessary for 
the chemist of the woiks to rig up a te.sting apparatus and 
submit sam])les occasionally to a very simph* test, as described 
on page 251. 

Ciude cresylic acid is usually m) 1(1 on the basis of p5 j)er cent, 
or 97 to 99 per cent, of tar acids, and it is necessary kfr the 
chemist to t('st each batch as iinislied tor this content. The 
impurities will, of course, consist chiefly of (a) oil, (b) naph- 
tliah'tie, and (r) water. 'I'he spei'ilic gravity varies .somewhat, 
geni'rally being between 1.042 and 1.055. 

With rt'f'rewce t(j a (pialit\' of cresylic .acid termed “ water 
white,” this is not produced in the majority of far distilleries, 
and will therefore; not be dealt with in this book. Tlie same 
remark applies to the manufacture ot carbolic acid crystals. 
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PLAN! lOK THE RECOVERY OF BENZO^ 7, NAPJIThAs, ETC. 

Wasliiiif> tanks — " l)low-over ” stills bio W'Ovrr ” still fractionating* 

Lo'uinn— Iraciionating still and column -dephlcgniator — condensing 
coil and tank -divider box —storage tanks. 

The plant necessary for the production of benzols and naphthas 
is compliv:ated, and the designs used by distillers are numerous. 
It is not })()ssible to deserdx* them all in this book, and 
ther^Tore a general description of suitable p?.int is given. 

It is nt^i'essary before the ligkt oils are worked up into what 
are termed “ once run ” products that they should be washed 
free from tar acids and pyridine. Washers for the recovery of tar 
aehis are di'scrihed on pages 88 and 108 and will not need a second 
descriptiwii Leie. With relcrence to the removal of pyridine, 
this is ('arned out in tanks made entirely of cast-iron, cast-iron 
lined with lead, or wrought-iron ; mild steel is frequently used 
in place wf the latter. Tlu^se tanks must be provided with an 
agitator, and the necessary gearing to manipulate it. The 
agitator mny be of the archimedean-screw type or of the paddle 
type, an I in the latter case horizontal paddles should be used 
in preference to vertical ones. The writer considers the archi- 
medean-sciew type of agitator the best lind to employ. 
A vcicical washing tank must be covered in at the top, and 
should be mad(i with a cone or dish-shaped bottom. An outlet 
for running ^>^f the pyridine acid and a’cid-tar should be placed 
at the apex (jf tlie cone, or the lowest portion of the dish bottom, 
and connected up to lead piping, which, in its turn, is connected 
to an acid-resisting metal valve (regulus metal). The position 
of the washer may be such that it is not necessary to ii,se lead 
piping at all, but simply to connect the valve direct to the 
bottom. Paddle agitators of the horizontal type have the shaft 
running through stuffing boxes, apd care must be taken that 
these are of a good make, otherwise there will be considerable 
trouble in connection with leaking. 

Wood is the best material to use to cover in the top of a 
vertical washer, ^ut cast-iron, wrought-ir©n, and mild steel are 
sometimes employed. Let in through the cover of the washer 
is a charge pipe, an acid supply pipe, water-pipe, and also an 
inspection hole with a wooden cover. With reference to the 
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water-pipe, the writer prefers to watcr-wasli the contents 
tfirou^h tJie inspection liole, using a piece cf flexible hose. By 
this moans the sides of the washing tank can be washed down 
with water before any agitation h carried out. The advantage 
of this will be discussed in the next chapter. A few inches above 
the bottom of the washer, an outlet pipe is attached, through 
which the washed oils are passed into storage tanks or to the 
stills. 

Some tar JistillCi.: prefer horizontal washers, .but in the 
„ writer’s opinion these are not nearly so satisfactory as the type 
just described. It is not so easy to run off the acid tar and 
pyridine acid from a horizontal washer, or to wash the sides down 
thoroughly. Turthermore the draining of the pyridine acid and 
acid tar cannot be carried out so completely, it is absolutely es- 
sential to erect the washing tanks in an elevated position, and the. 
best results are obtained if the height is such that the washed oils 
can be run by force of gravity into the storage tanks or still. 

There are many works in whicli one waslier is used for both 
the acid and the soda washes. This is not advisable, as there is 
a great risk of spoiling the oil during the soda wash. It is far 
better to erect two washers of the same size and constructed on 
the same plan, and use one for the acid and first water-washes, 
and the other for the soda and final water- washers. The acid 
tar is run to waste, and the pyridine acid into a receiving tank, 
which is also often used as a storage tank. As the acid tar is 
often almost solid, it is best to let it run into open ended 
tubs or other suitable receptacles for treatment before dis])osal. 
When a lot of pyridine acid has to be dealt with and it is desired 
to work it up tor pyridine, it is advisable to put in storage tanks 
— lead-lined wooden tanks are most suitable. Fuller details of 
these tanks will be given in the chapter dealing with the plant 
for the working up of pyridine acid for pyridine. 

Broadly, there are two kinds of still used in +he process of 
recovering" benzols and naphthas from tar oils. These are 
known in tarworks' terminology as “ blow-over ” stills and 
rectifying stills. The former type may be subdivided into fire- 
heated and steam-heated. In the case of light oil, and often 
with crude naphtha, the “ blow-over ” still is fire-heated, and 
in many cases it is rot provided with a fractionating column, 
although it is a decided advantage to fit such a piece of appar- 
atus to the still. Another type of " blow-over ” still is steam- 
heated, and in- most cases this kind is used immediately before 
worldiig the oils through a rectifying still. Steam-heated 
“ blow-over ” stills and rectifying stills are always provided 
with fractionating columns. 

Fire-heated " blow-over ” stills are built similar in shape to 
a taf still and are constructed of Tinch mild steel plates. The 
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bottom is IjLiilt coiicax'o, with a li^o of a])proximat('Iy 2 fget 
6 inches from tiic? liorizontal. To the bottom is riveted a 
channel plate, and tliis channel plate is also riveted to the shell 
of the still. It is advantage-^us to construct tlic bottom of the 
still of sketch plates or segments, and connect thdse to a circular 
crown plate on top. The dome of the still is built with a rise, 
the height of which will vary «.ccording to whether the dome is 
to carry the fractionating column or thedpetionating column is 
to be supported upon joists. Jn the former cas 5 a rise of about 
3 feet is necessary for a 9-foot diameter still, but in the latter a 
rise nf about 12 inches for the saiAe diameter is all that is 
re(|uisite. 'Ihe still should be juovided with a tail pipe and 
run-off taj), a sahdy-vah’i', a trial ftr overflow ta]), and an inlet 
stool, to which is connected the charge pijie. A manhole and 
lid must also be provided. If the fractionating column is not 
supported on the dome of the still, it is necessary to })rovide a 
(’as^-iron swan neck and connections, in • rder to conduct the 
vapours from the still to the fractionating column. 

With reference to the fractionating column, this may be con- 
structed citlua* of cast-iron in the form of segments, or of mild 
^t<H;l, and is cylindrical in shape, its diameter will vary a little, 
but iivLi age vliamcters may be taken as 2 feet (> inchi's and 3 feet. 
In th( case of cast-iron columns, each segnumt will have a per- 
forated pl'de fitted into it, or cast on it and then drilled. Mild 
steel column'^ are fittf'd with a si'ric's of lu'ackcts from top to 
bottom, on which are supported tue ]x*rforated plates (see 
Fig. 58). These plates should be roughly about 9 inches apart, 
and are perforated with j-inch holes at a'^pitch of i inch. There 
is also one hole having a diamt eer of 4 inclics cut in each phitc. 
The plates are J-inch thick, and in the case of a mild steel column, 
its tJiickness may be J-mch. If the still is exposed to the 
weather, a mild steel column is the best to use, as it is less 
liable to i j ’^k owing to atmospheric conditions, such as rain 
failing on tm^ column during the time that it is worldng. Better 
results are oiitained if liie column is surrounded by a draught 
screen, built, say, of corrugated iron sheet ; in fact this method 
should always be adojited in cases in which the still is.erectcd 
in the onen. At the top of tla column a cast-iron vapour out- 
let is fitted, and this is connected in turn t* the vapour pipe. 

With reference to the .setting o^ this type of still, the method 
given under the setting of tar stills on jia^es 36-44 will give the 
most suitabk: results. ' • 

Steam-heated blow-over stills (Fig. 38) arc constructed of 
mild steel plate^ of a thickness varying between g-inch and 
J-inch ; sometimes ^-inch jilates are used for the shell and 
J-inch for the ends in the case of Irtirizontal stills. The best 
types of steam-heated blow-over stills are of the horizontal 
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pattern. Witli reference to the Fize of tliis type of ^till this will 
vary considerably according to the amount'of naphtha that is 
to be dealt with, but a good average is 9 feet in length and 7 feet 
6 inches in diameter. The still is fitted with a casting, to which 
the run-off pij)^ is connected ; also an inlet pipe stool ; a i-inch 



Fig. 58, — ] )uiRrain illustrating a of Stcam-lieatcd Blow-over Still with Fractionating Column. 

to i|-inch open, steahi-pipe inlet, to which is connected a per- 
forated steam-pipe ; steam chests ; a scries of i^-inch to‘ 
2-inch wrought-iron tubes for closed steam — these tubes 
being covered at each end by the steam chest' covers ; a man- 
hole of the usual size, provided with a draw-up manlid ; a 
safety-valve ; and also a gauge of the glass tube or else of the 
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refraction Ijype, in order to indicate the level of the liquid in the 
still. Sometimes, Uiis kind of still supports the fractionatiSig 
column ; in this case a vapour dome, fitted with a baffle, is 
usually placed near the fractionating column and connected 
to it by a piece of cast-iron pipe. Fig. 58 illustrates one way 
of doing this. The fractionating column should be light and 
preferably made of wrought-iy)n or mild steel of about J inch 
thick ; in fact the same type of fractionating column as that 
already described for fire-heated blow-optr stilU; may be used. 
The num 1 :)er of plates contained witniii the fractionating 
column may be between 16 and 20. • 

If it is desired to do away with the vajtour dome and bailie, 
a swan neck made of cast-iron maj^be used in its stead to carry 
the vapours into the fractionating column (sec Fig. 59). The 
bottom of the column is connected to a wrought-iron return 
pipe of 2 inches in diameter, bent in the form of a U-seal, or, 
if straight, extending almost to the bott(jni of the still. If a 
casf-iron column is used, it ;s advisable to support it on 
stanchions and joists, but it may be connected either with a 
swan neck or vapour dome and baffle to the still, as desired. 
It is necessary to support this type of still on cradles. These 
may be of • ast-iron or built of brick or concrete ; the writer 
prefers cast-iron, as in his experience these haft' given the most 
satisfactory results. 

Fractionating stills are generally of the horizontal type, con- 
structed of f-inch to ^-inch mild steel jilates, and provided 
with fittings of a similar kind to those described for steam- 
heated blow-over stills. (See Fig. 59.) 

With reference to the fractionating column, there are a 
number of types, and it is not possible .0 describe every 
one of them in this book. If it is desired to produce ordinary 
naphthas and benzols, a fractionating column containing about 
20 plates, pyd having the last 6 segments water-cooled, will 
prove quite suitable, but, on the other hand, if it is required to 
produce benwl, toluol, and xylol, 95 per cent, distilling over 
wflhin between |° and 1°, it is necessary to connect the frac- 
tionating column with a piece of appaiatus known as a (Je- 
plilegmator. This apparatus, together with condensers, is 
described later. 

A great deal more care must be taken in choosing a fraction- 
ating column for a rectif5fing still. The ordinary perforated 
plate is not likely to give such good resulft as tf^se plates which 
are fitted ^vith special dispersing arrangements. What is de- 
sired in a fractionating column is to bring the hot vapours, 
which consist of a mixture of light anrf heavy compounds, in 
contact with liquid material, in order to remove from the vapours 
by a kind of washing the heavier substances from the lighter. 
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this state affairs tliaii it is with plates prov^ided with an 
arrangement whicli ^vill keep a constant level of liquid, ajjd 
allow the vapours', as tliey rise, to pass in a finely divided state 
through tJiat liquid. 

One of the best types 01 fractionating column which the 
writer knows of is shown diagrammatically in Fig. 59. This 
column, like most of the columns used for fractionating stills, 
is built up of cast-iron segments. Tlie number ot these seg- 
mi'nts will vary, of course, according to tlje degiTe of fractiona- 
tion desirtfd. If a deiihlegmator is used, a column constructed 
of between 16 and 20 segments will prove (piite suitable, but if 
it is desired to do without a dephlegniator, it is advisable to 
build the column of bcdweiMi 25 anc^jo s('gments. I'he diameter 
of each segment may \'arv between 2 feet and 2 feet f) inches, 
and the ovc’r-all d(‘pth betweem 8^ and 12 inches. The plate 
is cast on to th(' body oi the segment, and the to]) of the 
platti is about j iiuhc's Indow the ton of the segnu’nt. Each 
j)lafe is proN'ided with eight or more inhTs, which conduct the 
va])ours from the lower half of the segment. Over each of 
these inlets a ('ast-iron hood or disperser is placed ; this dis- 
perser is bcehiw in shape, and lias twelve ojienings i inch by 
inch, IS shown in Fig. 5 ). TIutc are also jirovidt'd two over- 
flow' outlets, to w'hich are connected oversow ])ipes. The 
method of arrangement will be seen on referring to Fig. 59. 
Tie bo 1 tom segment of the column is provided W'ith a 
vapour inlet of 4 inches in diame'er, and this is connected 
by a swan neck to the still. There is also cast on this seg- 
ment a 2-inch connection to which the return pipe is fitted. The 
return pipe is passed into the still, and should reach almost to 
the bottenn, or else be bent in the form of a U-seal as shown in the 
figure, 'i'he top section of the column has a vapour outlet stool 
cast on to it, which may be 2 inches in diameter; to this is 
connected the vapour pipe w'hich will lead (either to the con- 
denser coh dr to the de})hlegmator. If the column is not con- 
nected to a dephlegimr or, it is very advisable to water-jacket 
the top six or eight sections. Should the column be connected 
to a depMegmator, it is necessary to provide the top section 
with an ink:t hole, to which i a fitted the return pi])e from the 
dephlegniator (see Fig. 59). This return pipe is made in the 
form of a U with one limb longer thai? the other, in order to 
pro\ide a seal of liquid to prevent the vapours from entering 
the bottom portion of the dephlegmator# 

Depblcgmators vary in construction, some being cylin- 
drical, and others square or rectangular in shape. All of 
these types wal^ give excellent results, but only the cylindrical 
shape will be described. It consists of a mild steel cylinder 
its diameter, as a rule, varying between 2 feet and 2 feet 6 inches 
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and its length between 7 feet and 8 feet. Inside tihe cylinder, 
about I foot 6 inches from each end, are ^i^%'ted two plates, into 
which are fitted a large number of copper tubes of similar dia- 
meter (between | and i inch). T^hrough these tubes a flow of 
water is maintained, and the vapours from the fractionating 
column pass round the tubes, the heavier vapours being cooled 
and returning to the fractionating column via tlie U-shape 
return pipe just described (sec Tig. 60). The dephlegmator is 



Fig. Go.— Diagram showing a Typp of Deplik-gmaloi and a Method of connecting to the 
Fractionating Column. 


therefore provided with a vapour inlet at the top, whicli enters 
just underneath the thp tube plate, and a vapour outlet near 
the bottom, just above the bottom tube plate. A return pipe 
is also fitted near the' bottom, just above the tube plate. Water 
is introduced through the inlet fitted to the bottom of the 
dephlegmator and leaves by the outlet at the top. 

After the vapours leave the dephlegmator, or, when tliis is not 
used, the fractionating column, they are conducted to a con-, 
denser. This condenser may be constructed of wrought -iron 
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tubing, arranged in a number of laps placed in a cylindrical 
tank, or, especially cases where a dephlegmator is used, of it 
cylindrical vessel inside of which arc riveted top and bottom 
plates drilled with holes into V4|iich a number of tubes are fitted, 
very similar in fashion to the arrangements just described under 
dephlegmators. If it is desired to fit up a condenser coil ot the 
usual type, it is advisable to have that coil made in one length 
of wrought-iron pipe. The diameter may vary a little, but one 
of 2-incli diameter will generally jirove quite ;iuitifbl(‘. The 
total length of the tube will vary, of course, according to the 
condition of the water suppty and tlie rate at which it is required 
to work the still. With a still working at an average speed of 
about 70 gallons per hour, i8o feet 4)f 2-inch wrought-iron pipe 
will be quite suificient. The over-all diameter of each coil may 
be 4 feet 0 inches to 5 feet, and the distance between each lap 
should not be less than 4 inches. At least 4 inches should be 
allowed between the outside of the c(*il and the inside of the 
condtinser tank, and the top lap^ of the coil should be covered 
with about 6 inches of water when the coil is working. 

The condenser tank is cylindrical in shape and fitted with 
water inlet and outlet pipes, drain cock, etc., as described 
on pag(’ 5c Connected 10 the condenser is a divider box 
of^ ^"xactly the same pattern as that described on jiage 53 
(Tig. 30). The outlet from the divider box, howc'ver, is con- 
ne^ceduj) to several i-inch jiipes by means of T-pieces, in order 
to conduct the various fractions to then' respective storage tanks. 

Storage tanks may be square, rectangular, or cylindrical, 
accoiding to convenience. In all cases they should be covered 
in and provided with a run-off tap, and also drain cock, through 
which any water which may settle out can be 1*. ‘moved. 
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THE RECOVERY OE BENZOLS AND NABTITIIAS - FIRST UISTILLA- 
VTONS AND WASIIINC.S 

criicl o napl itlii,' by .sl(?;ini or fir(^ - dislillalJon of light oil by 
iirc', — (listillatiun of lig ht.oil fi\ic tu rns by ()r^firczz;ilLs tillation_g f 

light creosote bv-^t'- - washing crudcJ uMizo r, crude solvent nnd crude 
heavy naphtha to remiive 'lar acids and pyridine bases — a metbud a£ 
washing uaicXeJieUZuU- n iiiid^ mtiJling. CJCndc solvent - a method 
oj3:asEmg- crmlcJicii yy sol_viiiit methods tor the ]ninheati on of c rnJiJ 
benzol. 

The various qiialiAes of benzols and naphtlias are ol.)Kdned 
from crude naplillia, liglit oii, and often from liglit creosote. 
It is necessary to wash tliese oils, or certain fractions obtained 
from tliem, free from tar aeids and pyridine before tlie process 
of rectification can be carried out, and in the case of the heavier 
oils, and very :t*t‘quently with crude naphtha, a first distillation 
by fire is carried out, as is described below. 

Dealing with crude naphtha, this distillate contains cliiefly 
benzene and its higher honiologues, and on treatment and recti- 
fication yields principally 90’s benzol and 50-90’s benzol. 
Crude naphtha as pumped over from the receivers will contain 
approximately between 4 and 6 per cent, of tar acids and a 
varying quantity of pyridine bases. The tar acids are removed 
as described in chapter vii. Pyridine bases arc not removed 
until just before the rectification process. 

It is preferred by some to submit the crude naphtha to a 
distillation before washing out the tar acids. Qiliers prefer to 
wash out the tar acids before distilling, and it depends on the 
circumstances existing in the works whether tliis is done or not. 
In any case, after the tar acids have been removed it is advisable 
to alkw an hour or two for settling, in order that any entangled 
phenolate may settle out. 
submitted to a distillation . 
j^ gedT^ill fitbe^~m tlL jr fra 
heated still t(j which a similar app^iratus is connected . T>yo 
fractions ma\^ be collected, the first bping pqp int o what is 
t ermed the crude ben^l receiver. ^(] thp info a rpr^iupr 

for_jxiid£L_SQlvenf;. The end of the first f raction is generally. 
found _ by subn ii^ing^ji^ oHjoinTI I^ ^ as it runs from 

THe~ WQrm en d fo ajapid distillation i n^Trelornn l helab^ 
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As soon as tl» test sample shows tli^ > Hrop at -i| x)ut hq^ C . 

end of the second fraction is delennined when tlie specific 
gravity of tlie distillate taking from the worm end indicates 
approximately .965 to .970 at 60'' Fahr. On to the residue in 
the still, other material is often placed, or it is removi'd and 
kept for working u\) with heavier distillates at some other timf‘. 
The methods of obtaining the change-over points just mven are 
not always u^sed, and it is sometimes necessary tjo vary tliese 
according to'the lequiremeiits which may ontain in tlu' work>. 

steam- heated stil l in which this ij:ipht|u may be f racthm- 
ated must be provid e d wit h an open ste anLC<)iL ilsiLisJiie-Cebhary 
to assis t the (lis tilljjjimi-jdikj Qpei^ stwam af t er a c e rtain p ointy 
re ached , (ienerally, open sk'am is introduced into the still 
^lerTtlie distillate at the worm end, on testing in the laboratory, 
commences to distil at about 95" C. 1 If, however, high pressure 
steam is supplied to tlu' closed steam tubes, ^ic open steam may 
be infrodiiced at a later jieriod. ^ Care should be taken when 
first passing the steam into the still not to open the valvc' too 
wide. If this is done it will generally cause tlie still to jirime 
or. in other words, fill th e fractionating colu mn with tlu^ 
ni ateri al lion the stJIL Inis, of course, is a serious matter, 
aiid will, iTitTiccIffs, generally spoil the operatwn. The valve 
should be opened very gently at first, say about one-c|uart(T of 
a tuiii, and then the passage of steam gradually increased until 
the still works evenly. When open sceam is introduced, it is 
necessary tn pass the distillate, as it comes from the worm end, 
through a divider box, in order to separate the condensed steam 
from the oil. The closed steam is not discontinued during the 
passage of open steam, but it must be regulrted according to 
the late of distillation desired. With reference to washing I 
the distillates for pyridine, this will be dealt with after con- 1 
sidcring the 'V^t distillations of light oil and light creosote. 

In deaJine with the ^dit oil fra^ioii^ thi s shouldj always be 
washed with e i mtic soda lye to remove any crystal lisable crude 
pHenoT Tarid^Lsn the crudercresyJicji ^ which 
s ubmifting it t o a distilla iianLjiv_Fi:u. Some distillers pr^cT 
to submit the oil to a fire distillation before washing ftjr tar 
acids, but this method is, in the writer’s (^>inion, a mistake, as 
some ot the tar acids are lost in the bottoms. Details of the 
methods of washing arc to be found fh chapter viii, page 119. 

It is absolutely essential, however, to flistil tjic light oil by 
fire before passing it along to t he rcctifi^tion plant to ob lajp 
napFth^ This oil, when distilled in the fire still, which should 
m all cases be fitflsd with a fractionating column containing at 
least 15 plates, may be separated into two fractions and a re- 
sidue, or one fraction and a residue. The quality of the oil will 
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determine which of nieuiuuh is the best to adopt. If 

the light oil is divided into two fractions, .then the change over 
point from the first to the second fraction is generally deter- 
mined when approximately 25 per cent, has come over. With 
a large nurnfier of oils this point is also indicated when the dis- 
tillate at the worm end shows a S])ecific gravit}^ of about .925 
to ,928 at ()0° I'ahr. 1'his fra^.tioii may be termed '' once run 
light oil A.” The second fraction—" once run light oil B ” — 
is complete wjien tin; distillate at the worm end shpws a specific 
gravity between .990 and i.ooo at 60° h'ahr. The residue re- 
maining in the still is run to creosote, or to sp('cial storage tanks, 
to await the recovery of the naphthalene. vShould it be necessary 
to remove from the light oil one fraction only, then that fraction 
is complete when the specific gravity of the oil at the worm end 
is about .980 to .990 at 60° Fahr. In this case also the residue 
is dealt with as just mentioned. 

For the convenience of the still attendant, his “ change 
over ” points, and linishing ppints, are often given him to read 
at 100° Fahr. For example, if it is desired to finish the dis- 
tillation at a specific gravity of 1.000 at 60° Fahr. then the still 
attendant should stop collecting when his distillate reaches 
.980 at 100° Fahr. Open steam is not used during the distik 
lation of light oil by fire. 

It is advisable not to work too many charges through the 
light oil still before submitting it to a cleaning process : ten 
times may be taken as a good average. 

The distillate or distillates obtained from the light oil as 
just described are now washed free from tar acids, and then 
submitted to a further distillation, either in a fire-heated or 
steam-heated still provided with a fractionating column. In 
this operation the “ once run light oil A ” distillate may be 
separated into one fraction and residue, or two fractions and 
residue. If only one fraction has been distilled c^jf the light oil, 
this may be separated into one, two, or three distillates and 
residue. 

In the case of the " once run light oil A,” if this is separated 
into one fraction, the whole of it is run into the crude solvent 
naphtlia receiver, and the point at which the distillation is 
stopped is indicated yi^hen the specific gravity at the worm end 
reaches about .960 to .980 at 60"" Fahr. When two fractions 
are made, the first one is mixed with the crude benzol and the 
second run to .crude Solvent. The change-over point from the 
first to the second fraction is determined in a similar manner to 
that given under the working of crude naphtha on page 138, 
and the end of the* second fraction is foifrid as mentioned 
above. Considering a case in which only one fraction has been 
distilled off the light oil, should it be desired to separate this 
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into tliree fr^tions, then tlie end of the first fraction is deter- 
mined as already described. Tlie second fraction is stopped 
when the specific gravity reaches .940 at 60° E'ahr. at the worm 
end, and the third fraction, whii^h is termed crude lieavy naphtha, 
is finished wlien the specific gravity of the distillate collected at 
the worm end reaches between .960 and .980 at 60" Fahr. 

The “ once run light oil B ’' distillate, if separated into one 
fraction, is worked until a specinc gravity of about .970 at 60° 
Fahr. is rcacjied. This distillate is run i^to the eruca^ solvent 
naphtha taifk. If, howeN'er, it is desired to collect two fractions, 
then tlie end of the first is determined when the specific gravity 
at the worm end reaches about .930 at 60 '"h'ahr., and tlie end 
of the second when a test of the distillate collected as it runs 
from tlie coil sliows .960 at Fahr. The former is run to the 
crude solvent and the latter to the crude heavy naphtha receiver. 

The residin' in all cases is run to creosote, or else reserved for 
the recovery of naphtlialene. If it is desir^'d to carry out the 
distilfiition just described in a ste^m-heated still, open steam is 
introduced with care shortly after the distillate appears, and 
the supply continued until the end of the operation, closed 
sto im of course being employed throughout the entire distillation. 

The light rieosoti;s from .some tars are not rich enough in 
light oils to warrant a treatment for the recovery of these, but 
in some ca'^es it is found that sufficient of the benzene homo- 
logues may exist in the creosote to warrant a distillation for the 
purnose of recovering a fraction from which these materials 
may be ob^ained, When tliis is the case the light creosote is 
submitted to a distillation in a fire-heated still provided with a 
fractionating column, and a fraction collected the amount of 
which will vary considerably, and the finishinj,- point of which 
will have to be determined by the chemist on the works. After 
washing this fraction free from tar acids, it is necessary to 
submit'it to e further distillation in a fire-heated still, sej)arating 
into one or two fractions as is found advisable. The first 
fraction may be run to the crude solvent and the second to the 
cru.le heavy solvent receiver. 

The crude benzol, crude solvent, and crude heavy naphth^ 
must be submitted to a wasliing process to remove pjjridine 
bases and impurities. The former substiyices are of value to 
the tar distiller, and in almost every case are recovered and re- 
fined. 1 before commencing a wash, it is advisable to examine 
the oil, whichever quality it may be, for^ar aci^ls, and if any 
exist they must be washed out. In all cases, before washing it 
is advisable to allow the oils to rest for a time to settle out en- 
tangled water. I^ridine is the first of a series of organic sub- 
stances which correspond to the general formula CnHan — 5N, and 
it is represented by the chemical formula C5H5N. It possesses 
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basic pro]')tTties and ('onibincs easily with mind'al acids, ac- 
cording to the following equations .■ 

(a) C,H,N -fHCl -QH^NIICl 
or (h) 2 Cjl,R + K,S0^=(C,li,N)2U2^0^ 

A fuller description of the properties of pyridine and its 
chief homologues will be found jn chapter xiii, pages 166-167. 

Sulphuric acid is used in all cases to remove the pyridine 
bases, and the qualify usually employed is ordinary B.O.V., of 
about 146® Tw. In one part of the operation it is used as sup- 
plied, and. in another part it is diluted. After the pyridine 
bases are removed, a stronger acid known as D.O.V^, of a specific 
gravity of a})proximately» 167° Tw., is employed. It is then 
necessary to wash the oils with water, then with caustic soda 
lye, and finally again with water. 

In all cases two washers should be employed, one in which to 
conduct the acid-wiishes and the other the caustic soda and the 
final water-washes. If the agd and soda washes are conducted 
in one washer, there is a great risk of some of the resinous matter 
produced by the action of the acid adhering to the sides of the 
washer suffering decomposition by the caustic soda and then 
being dissolved by the oil. Distillates from the rectifying still 
off oils to whiili this has hap})en(‘d will jiossess a peculiar un- 
pleasant odour and will rapidly go oil colour. 

Dealing first with crude ben/ol, oik' method of washing this 
material is as follows : A quantity of B.O.W at iqb"" Tw. amount- 
ing to between i.] to 2 per c(‘nt. of the volume of the oil is slowly 
added to the charge' of oil in the washer, while it is under vigorous 
agitation. Tliex>crk. 4 j>f be_between 2amiiii!l£S 

to half an hour. AfU'rjliis time has elapsecl thc.CQUtents qfjhe 
wasTTcT arelillowed to rest Tor about Katninliour, and 
part of the substance whkdi settles out, known as pyridin e acid . 
is'oin olf info ~t he J?yn dme-^ici^t a After 

of about half an" hour, any moxojiyri dine acid wdiich has separ ated 
sli()u]djbe rujxQff, and then about 1 To i pcT cent. oT^.O.V. 
slowly added -ta flie oil, -with -agitatibn. Tlie time occupied in 
^jgitating in this case may vary from 20 minutes to three-quarters 
of aniamr, but care must be taken that the oil does not become 
After the ;igitation it is allowed to settle for about 
10 minutes, and as much of the substance (known as acid-tar) 
as has separated removTd.j* The resinification of hydrocarbons 
brought about, by tht^action of D.O.V. is sometimes considerable, 
and the acid-tar formed often very rajiidly solidifies to a 
"livery ” mass, which will not flow, and which has a tendency to 
adhere to the bottom and sides of the washer. It is policy, 
therefore, not to lose anytime, but to remove as much as possible 
before this state sets up. Further settlings of 10 minutes are 



RECOVERY OF EfENZOLS AND NAPHTHAS 143 


« • 9 

given, and aify more acid-tar wliich separates is run off. W'hen 
the whole of the acichtar lias been removed— it should be notc'fl 
that this material must not be run to the pyridine acid tank— 
the sides of the washer should. be carefully washed down with a 
spray of cold or warm water. This will settle to, the bottom, 
and is removed via the catch tank — ^in which is separated and 
retained any oil which may ^scape from the washei — to a 
neutralising tank, and from the tank to the drains. After this 
preliminary '^ash, the oil is washed with water until the" washings 
arc practically free from acid. It is a good plan not to agitate 
the oil with water when gi\dng the first .wash, but to spray water 
on to the surface of the oil and let it fall througli it to the bottom 
of the waslu;r. When tlie washing is comjileted, the oil is 
pumped, or run by force of gravity, into the second washer and 
treated with about to J per (‘ent. of caustic soda lye standing 
at 40° Tw. or thereabouts. The soda lye is allowed to separate 
out, i^nd then run off, and after this the oil F washed with clean 
water until the wash waters react neutral to litmus. Aftc^ra 
tbpro iigh setlliiig, the washed oil may.Jie run direct info 
recti ricatipTy_still^ await treatment_aLii 

laf' r dciiii 

Ttls somilimes found advisable, in fact in the writer’s opinion 
it is wise always, to wash the crude benzol wi^i a little dilute 
B.O.V. I'efore adding the D.O.V. This will ensure a complete 
removal of the pyricline bases. This dilute acid may be pre- 
pared by adding one part of B.O.V. to one part of water, and 
the amoutd added to the benzol may vary bctwi'en J and i per 
cent. The total loss of crude' benzol by washing varies con- 
siderably according to the quality of the oil ; however, a good 
average may be taken as 3 per cent. Some of ennk; benzols 
cont am un^aturated iiaraffin hydrocarbons, and these, of course, 
are atted upon by' the subhuric acid used in the washing, and. 
wirinatura liN^ y nTease the amount of loss . 

In the ])ieparation ok pure benzols ffom a crude benzol, it is 
often nccessai y to remove a substance known as thiophene, and 
alsv> some of its homologues. Thiophene is represented by the 
chemical formula C4H4S.' It has a boiling-point of 84” C., a. 
specific gravity of 1.07, is colourless, and possesses an' odour 
similar to that of benzene. Concentrated sulphuric acid dis- 
solves thiophene, and if the solution is treated with a trace of 
isatin, a dark blue colour is produced. As thiophene so 
closely approaches benzene with reference^to its Jioiling-point, it 
is practically impossible to separate it by distillation. It is 
therefore necessary to remove it by chemical washing with 
concentrated sul^iuric acid. In order to* do this economically, 
it is wise to submit the crude benzol .to a washing, as ju.st de- 
scribed, and then carefully fractionate it and afterwards re- 
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wash the fraction, which represents the once re(Hified benzol, 
^.cveral times with small quantities of D.O.V. It is essential of 
course to submit the once rectified benzol— after it has under- 
gone several strong acid washes^to a test for thiophene in the 
chemical laboratory. When this test gives a satisfactory 
result, the material may be washed with water and caustic soda, 
and finally with water, as previously dcscribed.O^ 

With relerence to the washing of crude solvent naphtha, the 
process i*s essentially the same as that already .d^^scribed for 
crude benzol. It is necessary, however, to use a rather larger 
quantity of acid, as there is generally a higher percentage of 
P3n'idine bases contained in this material, and in order to produce 
rectified naphthas ot good colour. So that the finished products 
shall be perfectly free from pyridine and able to pass the Weber 
test for that substance, it is advisable to use some dilute acid, 
prior to adding the strong acid (D.O.V.) used in the final acid 
wash. The followyig is a good method of washing a crude 
solvent. lh)r the first wash ti^ld about i per cent, of B.O^V. at 
146" Tw. and agitate vigorously for between 20 minutes and 
half an hour. After the period of agitation, allow to settle to 
precipitate the pyridiiu' acid, which is run off to the storage tank 
for further treatment. The second wash of about per cent, 
of B.O.V. is nrtw given, the time of agitation being about the 
same. After the removal of the i)yridine acid, the naphtha is 
submitted to a third wash with dilute B.O.V. This dilute 
B.O.V. may be prepared by taking one part of acid and one part 
of water, and the amount used should be about i| per cent. 
Thorough agitation is nece.ssary, and the time should'^not be less 
than half an hour. This weak acid wash will completely remove 
all the pyridine. The contents of the washer should be allowed 
to settle, and the weak pyridine acid which precipitates run off 
to the pyridine acid storage tank. At this point it is advisable 
to submit a sample of the naphtha in the washe;' to the Weber 
test. (See chapter xix, page 248.) If it passes this test, a 
fourth wash with D.O.V. is given. The quantity of this acid, as 
a rule, need not exceed more than between | and i per cent. 
Ij; is sometimes necessary, however, to use rather more, but 
circumstances will have to decide this. The time occupied in 
agitating should not, be prolonged: usually about 25 minutes 
is ample. After this the contents of the washer should be 
allowed to rest, to deposit acid-tar, and it is just as well to run 
this material pff at ^intervals of about 10 minutes. If it is 
allowed to remain too long in the washer, there is a risk of its 
becoming so thick that it will not run through the outlet. The 
acid-tar should not fie lain to the pyridine 5 .cid storage tank, 
but to a separate receptaolc. 

At least ij hours should be allowed for settling before the 
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water washin^f is commenced, and it is advisable to thoroughly 
wash down the sides of the washer, and also spray the water on 
the surface of the naphtha, allowing it to fall through it by 
force of gravity, before any water is agitated with the oil ; the 
water which separates during this j)rocess is removed before 
agitation with clean water is commenced. Further water 
Vi^ashes are now given witJi agitation, which must not be too 
vigorous. Wlien the wash water»comes away from tlie naphtha 
practically neutral, a short time for settlitur is allowed, and the 
drainings reta.oved. 'J'he naphtha is then pumpeef, or allowed 
to run by force of gravity, into a second washer for treatment 
with ciinstic soda lye of about 35‘^-4o* Tw. A large amount 
is not necessary, the quantity usually varying between } to J 
per cent. After about 20 minutes’ agitation, tlie contents of 
the washer should be allowed io settle thoroughly, tlie lye wash 
removed, and the naphtha then submitted to water-washes as 
already described. It is necessary that ci(‘an water be used 
and tke last wash-water should come away ‘rom the naphtha 
quite neutral to litmus. When ihis is the case, tlie washed 
crude solvent may be removed to a storage tank or direct to 
the rectificaticni still. 

Many of the crude solvents when washed with strong acid 
deposit ail excess of acid-tar, often of a very resinous nature. 
A good method of avoiding this is to submit the' crude naphtha 
to a second distillation before washing with acid, i.c. distilling 
the crude solvemt in a steam-heated still, and collecting jiracti- 
cally the whole of it in one fraction. This fi action, when washed 
in a similar fasliion to that just described, appears to give very 
little acid-iar in the final acid wash. There is also a great im- 
jr )vem('nt as regards the odour of the rectified material. The 
total loss of crude solvent varies to a much greater extent than 
that of crude benzol ; it may be between 5 and 13 per cent. 

In washing crude heavy solvent, a good deal of chscretion is 
necessary. '\ ' iS class of material will contain varying quantities 
of naphthalene, and in the washing, especially with D.O.V., 
some of this mateiial becomes sulphonated and is lost ; in fact, 
if not carefully conducted, the loss may amount to as much as 
25 per cent. It is generaJly necessary to use some D.O.V* if ir 
rectified heavy naphtha which will keep its colour when exposed 
to the light is desired. The method of wishing is exactly the 
same as has already been described* and the average amount 
of B.O. V. used at 146° Tw. is 2J per cent. ; oi dilute B.O.'V. (i : i) 

J per cent. ; and of D.O.V. ij per cent. It is* advisable to 
divide the quantity of B.O.V. so that three washes may be given 
with it, and with the D.D.V. two. A wash with caustic soda 
ly§ of about 35 °- 40 ° Tw. must not be^ forgotten, the amount 
used being between J and | per cent., calculated on the volume . 
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of the crude heavy solveni. Water-washes must be thorough, 
^and it is absolutely necessary to secure neutrality after the acid 
and soda washes. 

According to English patent 10,066, loth July, 1915, instead 
of giving crude benzol the usuav preliminary washing with acid 
and soda it 'is distilled direct and the benzol vapour passed 
successively through sulphuric acid (i6o“-i68"’ Tw.) and caustic 
soda solution (30°-40° Tw.). »It is claimed that the process 
may be made continuous, that the washing is more effective, 
and that a stibstantia'l reduction in the amount of .sulphur com- 
pounds is effected compared with other purification processes. 

Crude benzol contain'S, among other impurities, a fair amount 
of carbon disulphide, and this objectionable substance is, in 
practice, removed in the' process of rectification, as will be 
mentioned in the next chapter. J. A. Wilson, English patent 
14,152, 6th October, 1915, claims that benzene can be freed 
from carbon disul])hide, before or after rectification or treatment 
with sulphuric acid, by agitating with caustic soda (2o"'-25? Tw.) 
at a temperature below the boiling-point of the benzene. 
wyAn interesting process for the purification of benzol has been 
recently described.^ The crude bc'iizol is purified by first 
vaporising it by known means and then passing it through 
sulphuric acid and a caustic alkali solution successively, and 
then (after any further desired treatment) condensing the purified 
vapour by known or any convenient means. For this purpose 
an apparatus (see Fig. 61 for a diagrammatic illustration) is jiro- 
vided which consists of a still R, a deplilegmator S, and analyser 
T, all of known or convenient construction, a compartment for 
sulphuric acid D, a compartment for aqueous caustic alkali 
solution K, and a condenser U. By this method and means the 
purification process may, if desired, be made continuous, and 
the purification is carried out in a single process. 

The compartments D and E are surrounded by a steam- 
jacket, by which this vessel is maintained at a temperature not 
less than that at which the benzol vapour enters, to avoid con- 
densation of the vapour when within the vessel. The benzol 
first bubbles tlirougli the sulphuric acid, then goes down the 
passage B, and bubbles up through the alkali solution. Baffles 
are provided in the conqxirtments D and E to arrest any liquid 
spray that may be carried by the benzol vapour. 

The concentration of the acid solution is preferably 168° Tw. 
to commence with, and should be maintained as near as possible 
thereat if the'best results are to be obtained, Good results can, 

1 Engli.sh patent Np. 10,066 of 1913. Gerald L. Mos.s and Simon- 
Carve.s By-Product Coke Oven Construction and W'orkmg Company, 
Limited, 20 Mount Street, ^Manchester. Date of application, lotli July 

1915- 
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however, still be obtained with a concentration of 160° Tw. 
Care should DC taken that the caustic alkali solution is not or 
does not become cf too high a concentration, as, owing to the 
rapid evaporation of the water, sulphite crystals are liable in 
that case to be formed and thus obstruct the clear working of the 
apparatus. A suitable concentration is 30° to 40^ Tw. 

The pump V maintains a vacuum throughout the whole 
circuit, and the purified benzol is collected in Z. 



Fig. f I and Siraou-Carves’ Appaiatus for Henzol Punlioalion. 


Althougli the process is described as being carried out with 
the aid ol an ordinary intermittent still, it will be understood 
that it may be applied equally to a continuous still, and in that 
case a complete unit may be provided lor each fraction. • 

An ingenious method for removing sulphur from oils by the 
aid of a catalytic agent, and which is applffcable to the purifica- 
tion of benzols and naphthas, has been invented by E. V. Evans 
of the South Metropolitan Gas Compan5i.i The following is 
a brief description of it : — * 

The sulphur is eliminated as sulphuretted hydrogen by 

^ English patent ^o. 22,147 of 1914. Edward V. Evans and the 
South Metropolitan Gas Company, 709 Old Jlvent Koad, London. Date 
of application, 0th November 1914. 
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heating the oil in presence of hydrogen or gas containing free 
hydrogen and a catalytic agent or contact substance. In the 
case of an oil of suitable boiling-point, the vapour of the oil 
mixed with a small proportion of hydrogen (5 or 10 per cent, 
of its volume) may be ])assed ovefthc heated catalytic or contact 
substance and tile sulphuretted hydrogen removed from the 
vapour by absorption by any known agent, or the oil may be 
washed after condensation to thl* liquid form. 

Tlie nmst efheient temperature of working is in the region of 
400"" to 500“^' “C., for ?lt this temperature the iron''pipes which 
contain th(' catalyst or contact substance are not destroyed, and 
the velocity of tlie reaction is so high that a relatividy small 
area of contact is required. Certain oils are. however, decom- 
posed at these temyieratures, and when this is to be avoided 
lower temyieratures must be emyiloyed. To this end a relatively 
greatcT surface of contact will be necessary in order to bring 
about a similar effect as at 400° to 500 C. It is necessary, 
therefore, to deternune witli each yiarticular oil the maxknum 
temperature, below 500'' ('., at' which the oil is not decomposed, 
and to allow sufficient contact with the catalytic or contact 
substance to ensure tliat practically the whole of the sulphur of 
the oil is converted into sulyihuretted hydrogen. 

The distillation of naphtha from crude coal tar is cited as an 
example of the ayiplication of the yirocess. The vapours from 
the still are conducted to a furnace maintained at 450*^ C., in 
which steel or iron pipes arc contained. A convenient arrange- 
ment for these pijies is in the form of a U. The vayiours enter 
at the top of one limb and in descending are brought to the 
temyicratiire of the reaction. To enhance this, the limb may 
be packed with non-combustible material. The catalytic 
material is yilaced in the second limb. Assuming that the rate 
of distillation is 50 gallons per hour, the volume of each limb of 
the U-tube should be about 7.5 cubic feet. A stream of hydrogen 
or coal gas is introduced at the inlet of the preheating tube or 
tubes and allowed to flow with the vayiours at the rate of about 
400 to 500 cubic feet per hour. Only a small yiortion of this 
hydrogen is actually used, and it is advisable to pump the 
hydrogen over in a closed circuit. The sulyihurctted hydrogen 
produced as a result of the decomywsition of carbon disulyihide 
and sulyihur compounds is washed from the condensed vapour 
by caustic soda solution, or it may be extracted direct from the 
vapour by means of ran oxide of iron purifier kept sufficiently 
warm to prevent condensation. 

In the case of an oil which cannot be distilled the catalytic 
substance may be introduced into the liquid oil, which is suitably 
heated wliile hydrogen is passed through it, or the heated oil 
may trickle over the catalytic substance while hydrogen is at 
the same time passing over it. 
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THii KKCTIFICATION OF BENZOLS AND NAI’HTHAS 


Chemu.il and idiysicnl propertii-s of bonzenc, lolueno, and the xylonos - 
fractionation of waslicd criido benzol— i)re|)cir at ion ol go's and ^o-oo’s 
benzol fractionation of wasli(>d cruck' solvent— pre)>aration of yo per 
cent, at i()0^ ('. solvent naphtha —prcjiaration ot lieavy najihtha-- 
preparation of 75“ h'. flash naphtha — ])re]iaration of 83° 1\ flash 
naphtha preparation of coininerital go per cent, at 120° C. toluol -- 
])roparation of coniniereially jinre benzene, toluene, and xylene — 
^vorks costs. 

The composition of crude benzol and also of crude solvent 
naphtha varies somewhat according to the quality and kind of 
tcir from which they arc recovered, but benzene, toluene, and 
the three lenes occur in one or other of them in consider- 
<ible quantity, and a brief description of the chemical and 
physical properties of these substances will not be out of place 
in litis chapter. 

Benzene is a colourless, nighly refractive, mobile 

liquid pos^'cssing a peculiar but not unpleasant smell. Its 
specific gravity at 0“ C. is o.Sqq ; at 15'’ C., 0.882 ; at 20° C., 
o.87gi, and at 25 C., 0.876. When cooled in a freezing mixture 
it solidifies to a mass of colourless orthorhoi, ibic prisms which 
melt at 5.4^^ C. (corr.). Benzene boils at 80.36° C. (corn). At 
ordinary temperatures 100 c.c. of water will dissolve approxi- 
mately 0.01 ».c. of benzene. According to Kopp its specific 
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heat between 19° and 46° C. is 0.450. It is soluble in alcohol, 
ether, acetone, etc., and is an excellent solyent for resins, fats, 
ethereal oils, and many other organic compounds. Sulphur, 
iodine, and phosphorus are alscx soluble in benzene. With re- 
ference to the constitutional formula of benzene several have 
been suggested, but those of Kekule and Armstrong have re- 
ceived the most support. c 

Benzepe is a very stable substance, resisting the action of 
all the mild o:ridising agents, and even when boiled vith solutions 
of powerful oxidising agents, such as potassium permanganate 
or chromic acid, it is only very slowly acted upon. Dilute nitric 
acid has no action upon it, but strong nitric acid, especially in 
the presence of concentrated sulphuric acid, attacks it, forming 
nitro-compouiids. 

1. HN03 = (V,H.,.N0.3 + HjjO. 

2. + 2HNO3 - C\.I4.(N()2)2 + 2H2(). 

Concentrated sulphuric aci'd acts u])on benzene very slowly 
at ordinary tem[K'ratures, but at its boiling-point it is acted upon 
more rapidly, forming benzene sulphonic acid— 

C,ll« + H 2 S 0 ,^-C,H 5 .S 03 ll + H20. 

Fuming sulphuric acid converts benzene into benzene disul- 
phonic acid, C^. 114.(80311)2. 

Chlorine and bromine act upon benzene in a very peculiar 
manner. In the (iresence of direct sunlight, or at fairly high 
temperatures, additive products are formed, such as hexachloro- 
benzene, and hexabromobenzene, CgHgBr^ ; but in 

diffused hglit and at ordinary temperatures benzene is slowly 
attacked, substitution products being formed, such as chloro- 
benzene, CgllgCl, dichlorobcnzene, CgH4Cl2, bromobenzene, 
CgHgBr, etc. Iodine appears to have very little action upon 
benzene. 

Toluene, methyl benzene, phenyl methane, CgHg.CHg, is a 
colourless, highly refractive, mobile liquid, with an odour some- 
what s;imilar to that possessed by benzene. At 15° C. its specific 
gravity is 0.872, at 20° C. 0.866, and at 25" C. 0.8625. It solidifies 
below— 100° C. forming colourless crystals which melt at 
—93.2° C. (corr.). The boiling-point of toluene is iii° C. (corr.). 
With regard to solvents and its solvent' action it behaves very 
similar to benzene. It largely resembles benzene in its chemical 
properties, differing principally in those which arc due to the 
presence of a side chain (the methyl group). The constitu- 
tional formula of toluene is written thus — - 
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CH, 



C 

11 

Its Ix'liiiMoiir witli supliuiic :iiul acids resembles that of 

benzene in so far as it yields siil])lionic and nitro-derivatives. 
lliese compounds, liowevtT, exist in tlirec isomeric forms, viz., 
ortho, nu'ta, and jKini. For example, mono-nitrotoliiol exists in 
thre('^ forms repn ^ented by tli(' followin/:^ constitutional formuhe : 



Oulio. Mfla, Par.i. 


At ordiixiry teinpei atures and in diffused light chlorine and 
bromine ac! 'in toluene, ])roducing substitution ])roducts by 
displacing tiie hy drogen ol the benzene ring or nucleus, thus : 


CH3 CH3 

C C 



H - H 


Ortho-clibro-tolucne. 


Ortho-bromo toluene. 



152 


COAL TAR DISTfLLATlON 


If, however, toluene is acted upon by chlorine or bromine at its 
boiling-point, or in direct sunlight, substitution of hydrogen of 
the side chain or methyl group takes place, thus : 


CHgCl 

C 


HC 


HC 


CBrg 

C 


C 

H 

ncu-'.i] ililond«\ 



H 

Hcii/o-tnbioniuU*. 


By the strong oxidising agents toluene is converted, with diffi- 
culty, into benzoic acid, the methvl-group or side cliain being 
oxidised. 


2C6H5.CH3 -H 302 ^ iCgHs-COOH + 2K2O. 

1 olupiic. Bftuolo .u Id. 

Xylene, dimethyl benzene, C(5H4(rH3)2, exists in three isomeric 
forms, viz., ortho, meta, and i)ara. The constitutional formuhe 
of these isomers are : 


CH3 

CH3 

CHg 

c 

A\ 

HCii ^C-CHs 

c 

/\ 

C 

/\ 
HCfe.- >|CH 

HC^CH 


Hcl^CH 

c 

C 

C 

H 

H 

CH, 

Ortlio-xylcnc. 

Meta-.\ylcne, 

Para- xylene. 


Some of its physical properties are given in Table XVIII ; and 
in Table XIX, constructed by Professor Ricluirds and Mr C. L. 
Speyers, after miking many careful observations, will be found 
some useful constants. 
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TABLE XVIII 


Specific gravity 


Ato^C. I At 25® C. 


Ortho 0.8y^2 
Meta. 0.88^0 


0.876 

0.863 


Melling- 
poiiit, con. 


Solubility m 


Boiliiig-ponit, 

a>rr. 


Wat|;r. 


I 


Pani. 0.8801 j 0.859 15'^ C. 


T.' 

Substance 

Hoiling-pxmit 

• tested. 

111 ]>g. C. 

Orthoxylene . 

144.0 

Melaxyh'ne . 

139.0 

Paraxyieiu' . 

IjO.2 


- 29" C. j • 1.^2° C. Tnsol. 

- 53 °C. ' T38.5-139 5 ^ C. In.scJ. 

1 37-137 3'’ C. llLSOl. 


O.8811 

0.8058 

O.8611 


3-0() 

2 .()(> 

2.92 


Sol. 

*Sol. 

Sol. 


Ether. 

Sol. ' 

Sol 

Sol. 


T.'BLE XIX 


Density at 20° ■ Surface tension , 
C , coinpaicd at 20° C., in ! 

with water at nl^i gr.'imiaes 
C. pel nullirl!clr(\ 


Compressi- 
bility at 20° C. 
xioH. 


60.0 

^>3.5 

65.2 


The thrt'e isomeric xylenes are cohjurless liquids possessing 
aromatic odours dissimilar to those of benzene and toluene. 
Their behaviour with concentrated sulphuric and concentrated 
nitric acids is very similar to that of toluene, sulphonic acids 
and nitro- compounds being formed. In the case of the para 
isomer it is necessary to use fuming sulphuric acid to obtain 
the sulphonic acid. Oxidising agents act upon the three isomers 
with moderate ease forming the toluic and phthalic acids by 
oxidising, in fht former case one and in the latter case both 
of the methyl groups. Chlorine and bromine act upon the 
xylenes in a similar manner to the way in which they act upon 
toluene. 

The chief products obtained by the rectification o^ crifde 
benzol are 90’s benzol and 50-90’s benzol, and by a second 
rectification commercially pure benzol, which will yield about 
95 per cent, within ^ to | of a decree. Crude solvent naphtha 
on rectification will yield a large numbertof products, many of 
which are specially made to the specification of*buyers. There 
are several grades of solvent naphtha, the chief of which is 
known as 90 pei* cent, at 160° C. Sonie of the other grades 
obtained are solvent naphtha yielding 95 per cent, at 165° C. 
or 90 per cent, at 190® C., and also those possessing flash-points 
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of 75° and 85° Fahr. (Abel’s close test). Commercial toluol is 
also obtained from crude solvent naphthi*, , and, by a second 
rectification, commercially pure toluol and commercially pure 
xylol. Crude heavy nai)litha will. 5dcld various grades of heavy 
naphtha, the quality, specific gravity, flash-point, and distilla- 
tion of which will vary according to the requirements of the 
buyer. 

it is ngt possible to give here full particulars as to how all the 
products that may ba obtained from these materii^ls are pre- 
pared, but brief consideration will be given to the method of 
producing some of tlu' chief products. 

Dealing with crude benzol with the object of making 90’s 
benzol, a charge of washed crude benzol is run into the recti- 
fying still and closed steam turned on. When the contents of 
the still become heated throughout, the steam is slackened a 
little and the worm end carefully watched. As soon as liquid 
appears at the worm end, the steam shoifld be regulated, to a 
degree which will allow of the distillate running continuously, 
and not too fast. The matc'rial which comes over first from the 
washed crude benzol is termed “ fronts,” and contains a con- 
siderable quantity of carbon disulphide (CS2). This must not 
und(T any circumstances be mixed with tlie qo’s benzol fraction 
which follows the ” fronts,” but allowed to run into a separate 
receiver for further treatment. When the distillate at the 
worm end reaches a specific gravity of .890 to .898 at 60° Fahr. 
the tap on tlu^ “fore-runnings” or “fronts” main is closed, 
and that on the 90’s benzol main opened, in order that the con- 
densate may run into the 90’s benzol tank. Distillation is now 
proceeded with until a sample collected from the worm end, and 
submittetl to a tc.st in the chemical laboratory, does not begin to 
distil until loo'* C. is reached. It is of course necessary to make 
tests in the laboratory from time to time in ordei to guide the 
Stillman. When the point just mentioned is reached, the flow 
of the distillate is cut off from the benzol tank and allowed to 
run into another receiver. When the distillate collected at the 
worm end is tested in the laboratory, and does not commence to 
bail until 130° C. is reached, the distillation is generally stopped, 
and the residue either run to a storage tank to await treatment 
with further bottoms,. or on to it is charged some washed crude 
solvent. , 

If it is desired to produce 5o’s-9o’s- benzol, then the 90’s 
benzol fractiork is cut' a little earlier (about the point when a. 
sample from the worm end on testing shows no distillate until a 
temperature of 95° C.. is reached) and a fraction collected from 
this point until one is reached at which the distillate, when tested 
in the laboratory, docs not commence to boil until about 120° C. 
is reached. This fraction is run to a special 5o’s-9o’s tank, to be 
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dealt with lifter. Sometimes this quality of benzol is made by 
adding to the fraction collected some lighter material. At times, 
however, the fraction itself will yield benzol answering to the 
tests re(j[uin'd, i.e. 50 per cent, at loo*^ C. and 90 per cent, at 
120^^ C. The residue in the still is removed to a sU)rage tank to 
await treatment witli other bottoms, or else washed crude 
solvent is charged on to it. , 

With reference to the methods of making 90 per cejit. toluol 
and also comjnercially pure benzene, tolinaae, and Jiylene, a brief 
description is given a little further on. 

"J'he washed crude solvent is charged into an empty rectifi- 
cation still or else on to the residue from a distillation of cnide 
benzol. Distillation is commenced the use of closed steam, 
and the first fraction is collected until a sample taken from the 
worm end and tested in the laboratory begins to boil at about 
100 ' C. This fraction is generally run into the crude benzol 
storage tank for working up with another batch. For some 
classes of benzol, however, this fraction may be run into the 
90’s benzol receiver. It is necessary to introduce open steam 
shortly after the distillation commences, but it is not advisable 
to 'lo this untd absolutely essential, and when it is, the steam 
must not la; urned on too rapidly. If it is desired to make 
90 per cent, at 160° C. solvent naphtha, the ♦nd of the next 
fraction i^ determined when a sample tested at the worm end 
shovvs a specific gravity of about .895 at 60° Falir., or, if su]> 
mitted to a distillalion test in the laboiatory, does not begin to 
boil until C. is reached. It is advisable when working for 
this, and even other qualities of najfiitha, to occasionally test 
the material in the receiver after a thorough stirring up. For 
mstance, in the case of solvent naphtha, to find what percentage 
is giveiL oft at C. , in fact, some stillmen prefer to have their 
lank tested, as the collection of this fraction comes to a close, 
for the preemiage of distillate yielded at irx)° C., rather than 
making tests at the worm end. It is necessary of course to 
discontinue rujining the distillate into the solvent naphtha tank 
as soon as the contents of that tank yield 90 per cent, at 160° C. 
when tested in a retort. 

After the solvent naphtha fra<'tion has finished coming; over, 
the distillate is turned into another receiver. This fraction 
yields what is known as heavy napjitha, and the quality of tliis 
naphtha will vary according to how far the distillation is carried, 
or whether one or more fractions arc collected. U it is desired to 
make a very heavy naphtha, giving about Go per cent, at 190° 
C., then the distillation is finished when a sample at the worm 
end shows a specinc gravity of .980 to .990 at Go° Fahr. Other 
qualities of heavy naphthas may be prepared by stopping the 
collection of the distillate at an earlier point. The residue left in 
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the still is either run to creosote or else to a specifil tank, to be 
worked for naphthalene. 

If it is desired to manufacture from the crude solvent fraction 
a naphtha possessing a flash- poini of 75° Fahr. (Abel’s closed test), 
and giving 9Q per cent, at 160° C., then the following method is 
adopted. The distillation is commenced and the lighter portion 
is turned into the crude benzol tank, as already described, and 
then a further fraction is collected until a test of the material 
taken froln tiie worm j'lid shows no distillate until 130'’ to 133" C. 
is reached. This fraction is run into a special tank for re-dis- 
tillation, or into the solvent naphtha tank, according to condi- 
tions obtaining in the works. The distillation is continued 
from this i)oint until a sample collected from the worm end does 
not begin to distil until about C. is reached. This fraction 
will give a 75'’ flash naphtha with a distillation test as already 
mentioned. The remaining material in the still may be worked 
for heavy naphthas^ 

vShould it be required to^ manufacture a solvent naphtha 
yielding 90 per cent, at 165° t. and possessing a flash-point of 
85^ Fahr., then the crude solvent is worked first of all for the 
lighter fraction, as mentioned above, and then a second fraction 
is taken off, the end of which is determined when the distillate 
at the worm end, on testing in the laboratory, does not begin to 
distil until between and 142^" C. Between this point and 
that at which the distillate at the worm end when tested yields 
45 per cent, at 165^ ('. the desired fraction is obtained. The 
residue it\ the still is worked for lieavy naphthas as previously 
described. 

In making these two (jiialities of solvent naphtha, a great 
deal will depend upon the rate of distillation, construction of 
fractionating column, etc. The slower the rate of distillation 
the larger the quantity of special material obtained from the 
charge. It is a very good plan to collect the traction in, say, 
50 or 8o-gallon drums, as tlus will avoid the risk of spoiling the 
whole. A sample may be taken from each drum, bulked and 
tested, and then, if necessary, the contents of certain drums may 
be cut out before bulking. 

Commercial toluol yielding 90 per cent, at 120° C. is obtained 
as a rule from crude Jjenzol. This fraction is collected between 
the point at which a sam^plc of the distillate, when tested, 
yields nothing until 100° C*. is reached,r and a further sample 
when tested dqes not tommence to distil until 120° C. is attained. 
This point will vary a little according to the quality of the crude 
benzol. 

In the manufacture of commercially pure benzene, toluene, 
and xylene, the method of procedure has to be varied somewhat, 
it being necessary first of aU to distil the crude benzol into two or 
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three fractions, and then to re-distil thesfi fractions. In the firfft 
distillation the crude benzol is separated into a “ fronts " fraction 
in the manner already described, and then a first fraction is 
collected until a test of the distillate leaving at the worm end 
yields nothing until 95° C. is fcached. The second fraction is 
collected between this point and that at which a Sample of the 
distillate collected from the worm end and tested does not begin 
to distil until 120“ C. is reachedi A third fraction may be col- 
lected, or tlie residue run to a tank for distillation with other 
bottoms. TJie first fraction is submitted 1^ a further distillation 
in a still provided with a dephlegmator. It should be added 
here that if desired the crude benzol ndSed not be washed before 
the first distillation, but the washing be carried out on this fraction 
and the second fraction obtained in^tho manner already men- 
tioned. In washing like this, less resinous material is obtained 
and generally a better quality of product is secured. During 
the distillation of the first fraction for commcrically pure benzene, 
it is Accessary to keep the water in the (le})klegmator at a tem- 
perature of about 60“ Falir. It is often essential to separate a 
little forerunnings, “changing over” when a sample collected 
at the worm end and tested does not commence to boil until 
80 ' C. is reached. The process is continued and the distillate, 
and also the contents of the receiver, are tested throughout 
tlie operation in order to keep the fractifin as close as 
possible to the desired distilling range, viz., one which will yield 
95 per cent, within about three-quarters of a degree. The 
finishing point is generally determinca when a samjile of the 
distillate collected as it leaves the worm end and tested does not 
yield a drop until 81,5“ C. is reached. Another quality of com- 
’ lercially pure benzene which drops at 79.5° C. and distils all 
over under 1° is prepared by collecting a fraction between the 
points at which a sample collected at the worm end and tested 
drops at 79° C. and another sample which when tested drops at 
about 80.5° (' •Seme manufacturers prefer to collect the distillate 
in 50 or 8o-gallon drums and then test the drums and make a 
suitable mixing. Tliis is a very satisfactory method. Com- 
mercially pure benzene should commence to boil at 80.5° C. 
and yield 95 per cent, at about 81.3° C. , • 

The second fraction obtained from the crude benzol is worked 
up together with any residue from the first fraction for commer- 
cially pure toluene. Water is allowed to run through the 
dephlegmator until a sample collected aj; the worm end and 
submitted to a distillation shows nothing until •about 109° C. 
is reached. At this point the distillate is “ changed over ” and 
the fraction just obtained may be worked up with other material 
for commercially pure benzene. The water supply is now shut 
off from the dephlegmator, and that contained in the apparatus 
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afilowed to get hot. Clre 'should be taken of course to control 
the steam supply to the still, in order that the distillate does not 
flow too quickly. The distillation is continued until a sample 
collected at the worm end and tested does not begin to boil 
Until a temperature of 110.5“ O. is reached. Another method 
of working for the commercially pure toluene fraction is to 
commence collecting when a samjfle taken from the worm end 
and tested commences to distil at 109“ C. (or 110° C. or iii° C.), 
and then, work the still very carefully until the distillate as it 
leaves the w©rm end«:eases to yield 95 per cent, iwithin 0.8 of 
a degree from the chosen collecting point. The distillate may 
be collected into one ta'xik and frequently tested, or, better, in 
drums which are dealt with as described under commercially 
pure benzol. CommerciaUy pure toluene may also be manu- 
factured from 90 per cent, toluol by a similar method to that 
just described. It should commence to boil at iii° C. and 
5de]d 95 per cent, at about iii.8“ C. Some buyers demand a 
grade wliich drops at 109“ C. and yields 95 per cent, at 110° C., 
others one whiih drops at 109.8“ C. and yields 95 per cent, at 
110.8° C. 

Commercially pure xylene is obtained from the residue left 
from the distillation of pure benzene and pure toluene. These 
bottoms are worked up in a still provided with a dephlegmator, 
but almost all tKe water in the dephlegmator is removed so that 
the remainder will be converted into steam. The fraction col- 
lected for pure xylene comes over between the point at which a 
sample collected at the worm end and tested in the laboratory 
does not distil until a tc^mperature of about 136.5° C. is reached, 
and that at wliich a further sample when tested shows no dis- 
tillate below about 139° C. These points will vary a httle 
according to the grade required. This product is a mixture of 
ortho-, meta-, and para-xylenes, and varies a httle in test. A 
frequent requirement is, boiling-point 136.5° C., 95 per cent, 
off at 139.5° C., and another, boiling-point 136° ^., 90 per cent, 
off at 139.5° C. and 95 per cent, off at 140.5° C. 

In making these pure products, great care is necessary as 
regards the speed at which the still is worked. The steam supply 
must be so regulated that priming does not take place. The 
water which is passing through the dephlegmator must be kept 
at a constant tempecature. It is necessary that the material 
should be thoroughly washed with acid, etc., before placing in 
the still. The best results are obtained if the still is provided 
with high presicre closed steam, so as to reduce the employment 
of open steam to a minimum. 

For the guidance* of the student the following average 
figures showing the cost of labour, chemicals, and steam to pro- 
duce I gallon of rectified ihaterial are given. It must be clearly 
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understood that figures like these will •vary in different works 
according to local conditions, state of the chemical market, 
etc. To produce j gallon of po’s benzol, o.48d. ; i gallon of 
90 per cent, at 160° solvent naphtha, o.56d. ; and i gallon of 
heavy naphtha, o.59d. 



CHAPTER XII 


PLANT FO^ THF WORKING UP OF PYRIDINE FROM PYRIDINE ACID 

rynclinc arid raiiKS — -ncuiransed pyridine aoid still 'Condensing 
cod and taiiK- pyndinc jvater n'eeiver and drying tank — caustic soda 
tanks - lime slurry tank - jiyridme rectilying still - fractionating 
column —condensing cod and tank— still “ bottoms” tank. 

The plant required for tlie working up of pyridine acid for jiyri- 
dine will be dealt with under two heads, viz. : (a) That required 
for the manufacture of crude pyridine, and (b) that for the manu- 
facture of rectified 'pyridine. Dealing Mdth the plant fop* the 
manufacture of* crude pyridine, there are several methods in 
vogue. One of these is to manufacture the crude pyridine 
during the process of making ammonium sulphate. This process 
requires a plant similar to that used for the manufacture of the 
latter material, as far as the still, liming apparatus, saturator, or 
cracker box, et(5'., is concerned. The cracker box is charged 
with diluted and clarified jiyridine acid of a strength of about 
50 ^^ Tw. instead of diluted B.O.V. A connection is fitted to the 
cracker box to conduct away the aqueous pyridine vapours that 
distil off owing to the heat of chemical reaction between the 
ammonia and the sulphuric acid, wliich is in loose combination 
with the pyridine bases. These vapours are conducted to a 
suitable condensing coil, and from there to a pyridine water-tank, 
and the poisonous non-condensible gases are conducted away 
for treatment by one of the approved methods. The weak 
pyridine water is allowed to rest, any oil which separates 
IS skimmed off, and the pyridine water is then distilled until 
about one-third of its volume has been collected. From this 
point the plant and process resembles that described in this 
and the following chapter. 

For the working up of pyridine acid by a more general process 
than that just described, the following pieces of apparatus are 
required : Lead-lined wooden- tanks for the dilution of the pyri- 
dine acid ; a large egg ; a still constructed of wrought-iron or 
mild steel and provided with suitable fittings ; a condenser coil 
and tank ; a pyridine water receiving tank ; a pyridine springing 
and drying tank ; one or more caustic soda tanks ; a lime mud 
tank ; and .suitable staging, tackle, etc. 

The lead-lined tanks, oV tanks for dealing with the pyridine 
160 
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acid, may be any suitable shape, and constructed of wood or 
mild steel lined with, say, 5 U). or 7 lb. chemical lead. If con- 
venience will allow, tliey should be fairly deep, in order to render 
easier the skimming off of the resinous matter v^hich comes to 
the top during the process. The^ may be erected on the ground 
level, and provided with a connection near the botfnm for run- 
ning oft the c:lear pyridine acid into the egg. 

The egg may be constructed i^^f wrought-iron or mild steel, 
and, if desired, lead-lined. In the wnter’s experier.ci? a mild 
steel egg has jwoved quite suitable, and very^little corrosion seems 
to take ])lace, provided it is well drained and steamed out after 
each opeiation. Tlie size of the egg will* vary a little, according 
to the bull of material which has to^ pass through it ; but ii 
good average capacity is 400 gallons. It should be provided 
with a pressure gauge ; safety-valve ; a i-incli air inlet ; a i-inch 
steam inlet ; a 2-inch outlet -pipe, which di])S into a small disli 
made in the lower jMrt of the egg and almost touches the bottom ; 
a 2 incli pyridiiK' acid inlet ; and at the bott'.in,on one end a 
i-inch drain-pipe and valve. • 

In order that the diluted pyridine acid may run into the 
egg by force of j^^ravity, this jjiece of apparatus should be erected 
just oelow ground level. It ’s advisable to dig a sump deep 
enough to allo'.v tor a three-gallon bucket to be placed below 
the chain-pipe. The hoh' into which the egg is placed, and 
also the surnj), should be brick-lined, and just sufficient space 
allowed in ordci- that the sides of the apparatus may be in- 
sjiccttd ; alx'ut 4 inches clearance is sufficient. It is advisable 
to keep this jaeco of ajiparatus just off the bottom, supporting 
it at intervals on non-absorbent bricks which have been treated 
w’'h an iron protective compound. It is a good plan to coat 
th(' whole cf the outside of the egg with a bituminous iron 
protective paint, to prevent rusting. 

For the distillation of dilute and neutralised pyridine acid, 
a still (Fig. 62} constructed of wrought-iron or mild steel plates, 
about ^-inch thick, is quite suitable. The bottom of the still 
should be dished or, better, of the shape of an inverted cone. 
At the bottom of the dish or the apex of the cone .a T2-inch 
treacle valve or gate valve should be fitted. It will be feund* 
that a still with a cone-shaped bottom will discharge the lime 
mud easier than any other shape. The dome of the still is 
construcied with a slight rise. On •the centre of the dome is 
fitted a cast-iron swan-neck stool and swau neck. If desired, 
however, a 3-inch wrought-iron pipe may be use*l instead of 
the swan neck and swan-neck stool for the purpose of con- 
ducting the vapours to the condensing cdil. A manhole 18 
inches by 12 inches and a draw-up lid ^should be arranged for 
on the dome of the still. The charge-pipe will enter the dome 
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of the still and should project a little on the imide ; close to 
the point of entry should be fitted a cast-iron gland cock. A 
steam-pipe also enters the dome and runs almost to the bottom, 
, where it is connected to an open steam coil. This coil will have 
to be arranged according to the shape of the bottom ; it is 

advisable to place it as near 
the bottom as possible, and 
also, if it can be managed, to 
arrange for two laps. The 
diameter of this coil and the 
st('am-pipe supplying it will 
vary according to the size of 
the still. As a juecaution, a 
small safety-valve of suitable 
ty]U' may be fitted to the still 
(iom(\ or to the swan neck. 
In order to wash awav any 
lime slurry which may*^ ledge 
on tlu' bottom, particularly 
near the steam coil, it is as 
well to provide a i-inch or 
i.Vineh water supply, to which 
may be connected a ])iece of 
flexible hose. After the still 
has been discharged and is 
cool, water may be played by 
means of the hose through 
the manhole, and by this 
means the still can be 
thoroughly washed out after 
each operation. 

Connected to the vapour 
pipe of the still is a con- 
denser coil, CGmjKjsed of a 
number of laps of wrought- 
iron pipe, circular in plan. 
This coil will vary in diameter 
according to the size of the 

l-io. 02. - Still for tlie DistilLition of Neutralised wllich it is fitted. Lor 

‘ ^ instance, a still of a total 

capacity of about 1500 gallons would require a condensing 
cod of incht's in- diameter and about 150 feet long. The 
distance between each lap should not be less than 4 inches, ill 
order to allow a free circulation of water, and the distance 
between the edge of the condenser coil tdhk and the outside 
edge of the coil should be about 6 inches. A cylindrical wrought- 
iron tank constructed of J-inch plates is used to contain the 
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coil. This tsChk is pro\dded at the top with a water outlet and 
a water supply pipe,' wdiich* should reach to within about 2 
inches of the bottom. The end of the condenser coil may be 
put either through the bottom, or the side of the tank, and is 
connected up* to a delivery direct into the pyridkie water re- 
ceiver. It is as well to place at the bottom of the condenser 
tank a i-inch drain tap, in order Jhat the water may be removed 
if the tank or the coil require repairing. , 

For the collection of the pyridine watea which runs from the 
condenser coll, a square, cylindrical, or rectangular tank may 
be used, according to convenience. This 4 ank may be constructed 
of wrought-iron or mild st(‘el plates, and should be covered in 
at the top with a wooden cover, whiih can be ea.sily removed. 
It should be provided with a 2-inch run-off tap. In many 
cases it is convenient to use this receiver for the purpose of 
separating the pyridine from the water and afterwards drying 
it. If, it is not convenient to do this, then ^ further tank will 
be required. This tank will of cc^irse have to bt? connected to 
the receiver and provided with two 2-inch run-off taps, one for 
the removal of sj)ent soda and the other for dried pyridine, and 
also an inlet j)ipe to conv(*y caustic soda to the contents of the 
tank during tl e drying opeiation. It may be constructed of 
mi hi steel plates, or of wood, lead-lined. * 

In the ])rocess of drying pyridine, strong caustic soda lye is 
requii.'d, and it is necessary to provide a tank for holding this. 
A further tank will be required, into wliicn the dilute caustic soda 
lye may be nm after the operation. If solid caustic soda is used 
to prepare the strong solution, then the strong lye tank must 
be provided with a grid, the bottom of whic'li must be just 
(• vered with water when the tank is, say, three parts full. This 
grid is leciuired to support the split drum of solid caustic soda. 
The piocess of dissolving will go on mechanically, especially 
if a small opi n steam coil is placed in the tank and the water 
warmed. Some manufacturers prefer to use liquid caustic 
soda of 90° T\\. If this material be employed, then it is not 
necessary to place a grid in the strong lye tank, as this quality 
of soda may be run out of the drums into the tank.* In ordes 
to transport the strong caustic soda lye into the pyridine 
drying tank, an egg or blow boiler is required (some prefer to 
use a pump, but this plan cannot Ije recommended). If con- 
venient. the VTak pyridine acid egg may be employed for 
this purpose. If this method is not convenient, ttien a rather 
smaller egg may be put in. 

A tank is requ^ed into which the lime slurry from the 
pyridine still may be run after the completion of an operation. 
This tank should be placed immediately underneath the still, 
and should of course be of sufficient size to contain easily the 
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whole discharge. As this slurry is generally verj^ wet, and a 
certain amount of water is dropped on to it during the washing 
down of the still, it is a good plan to build into the tank a filter 
bed, similar to that described ,in the manufacture of caustic 
soda (chapter vii, page 104). This will materially assist in 
the separating of the water from the slurry. The slurry is dealt 
with in a very similar fashion j^o the lime-mud from the causti- 
cisers, and should it be necessary, owing to circumstances, to pro- 
duce a very ..tiff mud before removing from the worjes, then a cen- 
trifugal machine may be required to cleal finally with’the material. 

With reference to tbj position of the various })ieces of plant 
described, it is necessary that the still be erected of sufficient 
height to allow the condem.er coil and tank, and also the pyridine 
water and drying tanks, being placed above ground level. The 
pyridine drying tank should be of such a height from the floor 
that drums, carboys, or barrels may be filled from it by force of 
gravity through the run-off tap. The lime slurry tank may 
be placed on (he ground level, or a little above it, according 
to convenience. The caustic soda tanks should be on the ground 
level, and the egg, if one is put in for dealing witli the caustic 
soda lye, should be placed in close proximity to the tanks and just 
below ground level. Over the caustic soda tanks and the pyri- 
dine drying tac.k a runway should be placed, on to which a 
chain block and j)ulley is fitted for the purpose of hauling up 
caustic soda drums, etc. Necessary staging, made of wood, 
may be erected round the tanks for the convenience of the 
workmen attending the process. Fig. 63 shows diagrammati- 
cally one method of arranging the plant. 

For the rectification of crude dried pyridine, the following 
are the chief pieces of plant required : A wrought-iron or mild 
steel still with fittings ; fractionating tower ; condenser coil 
and condenser tank ; receiver or receivers (some prefer working 
into small drums or carboys), and one or more bottoms tanks. 

The still may be constructed of J-inch plates. The bottom 
should be concave and connected to a channel plate in a similar 
manner to that described under tar stills. A suitable run-off 
or tail pipe is fitted to the still for the discharge of bottoms. 
The dome of the still should have a slight rise, and in the centre 
of the same a swan-neck stool and swan neck should be fitted. 
A charge-pipe is connected to the still at the top, and it is also 
provided with a manhole and draw-up manlid. It is advisable 
to fit a safety-valve to the still. The still settings, flues, fire- 
place, etc., are built in a similar fashion to that described under 
tar stills ; but it must be borne in mind th^ the top of the flue 
should be just below the level of the liquid left in the still at 
the finish of the operation, otherwise there is a risk of the still 
plates getting burnt. 
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Connected with the swan neck is a small fractionating tower 
or column. This tower may be cylindrical in shape and built 
of wrought-iron. Inside the column a series of perforated 
plates are fitted. The number of these plates need not be 
large, say between lo and 15. t)ne constructed on^a similar plan 
to that shown in Fig. 58 will prove quite suitable. The column 
is provided at the bottom with a U return pipe, which is led 
into the still, and at the top with a vapour pipe which is con- 
nected to th(‘ condenser coil. 

With reference to the condenser coil, tliis is best constructed 
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Fig. 63.— Di. Tammatic Illustration of One Method of .irrangin,,' a Raxivery Plant for 
Crude Pyridine. 


of lead. It should be properly stayed inside the condenser 
tank, which 'S constructed of WTOUght-iron. The usual water 
supply and outlet arrangements and drain tap are fitted to the 
tanK. The end of the coii is connected to a small observation 
tank, which may be constructed of wood and lead-lined, and 
provided with an outlet, which may lead to receivers, or through 
which the distillate can be run into carboys or drums. * 

Tanks for the storage of still bottoms may be constructed of 
vyrought-iron or mild steel plates, aijd built of any suitable shape. 
They should of course be covered, and provided with a manhole 
and lid, charge-pipe, discharge-pipe, and iir outiet. The latter 
is necessary to let out the air when running in the bottoms. 
These tanks may Ije placed in any suitableiposition near the still, 
according to convenience. 


CHAPTER XIII 


THE RECOVERY AND RECTIFICATION OF PYRIDINE BASES 

Chemical and })liy.sical pro}K'rties of the chief j^yridine bases — diluting and 
distillation, ol pyridine pu id -recovery ol crude pyridine bases from 
pyridine water — details of an actual working— dr^nng crude pyridine 
bases — ^rectifying dried crude pyridine bases- -preparation of yo per 
cent, at 1^0° C. ])yridine bkses anfl also heavy bases — yield of pyridine 
bases from coal tar light oils. 

Pyridine bases as recovered from coal tar consist of a mix- 
ture of aromatic l,mses corresponding to the general formula 
(mllgn—^N, (A wliich the chief a.re pyridine, picolines, hiti- 
dines, and collidines. 

Pyridine, C5H5N, is a colourless, mobile liquid, possessing a 
peculiar unpleasant odour. Its specific gravity at 0" ('. is 
1.0033, at 15'^’ C. 0.9855, and at 25” C. o.97(). It forms colourless 
crystals which n'elt at less than —100" C., and it boils at n6" C. 
(corr.). In water, alcohol, and ether it is soluble in all pro- 
portions, and it turns red litmus blue. Pyridine is represented 
by the following constitutional formula : -- 


CH 



It is very stable towards oxidising agents such as nitric and 
chromic acids, even when boiling, and is only with dil'ficulty 
attacked by tli^. halogens. If heated to 330'' C. with a mixture of 
concentrated nitric and sulphuric acids, ^-nitro-pyridine is 
formed, in the shape qf colourless, needle-like crystals possessing 
a melting-point of 41° C. and boiling at 21&' C. Boiling with 
concentrated sulphuric acid yields a sulpho compound. 

Pyridine" is a strong tertiary base, and it forms crystalline 
166 
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salts with equivalent of a mineral acid such as the sulphate, 
(C5H5N)2,H2S04. and the liydrochloride, CgH.N.HCl. - With 
platinum chloride il forms a double salt, (('5H^N,HCl)2PtCl4, 
which crystallises in orange yeljow needles, melting at 240^’ C. 
and dissolving with ease in water. On prolonged boiling this 
solution d('posits a very sparingly soluble yellow salt of the 
formula (C5H5N)2PtCl4. l^yridine reacts with methyl iodide, 
forming pyridine methiodide, Cyi^N.CHjil, and, like ^^mmonia, 
it blackens in''rcurous chloride. When ])yridine is^jidded to a 
solution of ferric chloride it gives a preci])itate of ferric hydrate. 

The three picolines or methyl pryidUies, Cn3.C5ll4N, ])ossess 
many propc'rties i n common with pyridine. They are represented 
by the following constitutional formuiie : — 



a I 


ollD". 


jW-picolmc. 


“y-picolinc. 


' iic first or a-picoline has a specific gravity oi 0.9613 at 0° C. 
and of 0.9526 at lo^" C. It boils at 133.5'^ C. (corr.), and 
is oxidised by potassium permanganate to picolinic acid, 
C^HgN.aCOOH. The /:J-picoline possesses a specific gravity of 
0.97O2 at o'’ L., and it boils at 143.5° C. On oxidation it yields 
nicotinic acid, C^H^N./i.C OOH. The last of these isomers, 
y-pi^oline, has a specific gravity of 0.9742 at 0° C., it boils at 142.5- 
144.5^ C., and on oxidising is converted into isoniootinic acid, 
CslIgN.y.COOH. . * 

There are six isomeric dimethyl pyridines or lutidines 
(CHgjaCglljN, the chief of them being a a lutidine, having a 
specific gravity of 0.9467 at o'’ C, and boiling at 156“ C. (corr.) ; 
2.4 hilidine, with a specific gravity of 019493 al; 0° 0. and a 
boiling-point of 157° C. (corr.), and 2.6 lutidine, possessing a 
specific gravity of 0.9420“ at 0“ C. and bailing at 142-143° C. 
(corr.). ■ • 

The isomeric trimethyl pyridines or* collidines are represented 
by the formula C5H2(CH3)3N ; and i .3 .5 collidine possesses a 
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specific gravity of 0.917 at 15° C., and it boils at 172° C. (corr.). 
I'he I .3 .4 isomer boils at 165-168'' C. (corr,). 

The pyridine acid as it is run off from the bottom of the 
washing tanks contains, in addition to i)yridinc bases, oily 
and resinous substances, and it is necessary to separate these 
substances before the pyridine can be recovered. Tliis is done 
by adding clean water, with thorough stirring, and the amount 
added is, as a rule, about the same bulk as that of the pyridine 
acid. Some prefer work to a specific gravity, ,and if this is 
done, it will vary between 40" and 45° Tw. It should be borne 
in mind that unless sudicient water is added, some of the oil 
and resinous matter may be retained in the pyridine acid, and 
if this does happen, the »;v?hole batch of crude jryridiiie will be 
spoilt. It is far better to slightly over, than under, dilute the 
pyridine acid. A point worth bearing in mind is that some- 
times the first wash water (after the acicl washes) fnnn the benzol 
and naphtha mayrcontain some pyridini' bases, and therefore 
this water may be used witli advantage to dilute the i)yridine acid. 

After the addition of the water, and a thorough stirring, 
the contents of the tank are allowed to rest foi some hours. 
It is advisable, if it can possibly be managed, to idlow the con- 
tents of the tank to rest overnight ; the longer the period of 
rest, the morcY' complete the separation of oily and resinous 
matters. When these substances have completely separated, 
they are skimmed off the subnatant clarified pyridine acid. 
Should the mass be heavy and resinous in nature, it is usually 
burned at the steam boilers. If, however, it is oily and will 
flow, it may be mixed with creosote oil, or if it appears to be 
composed to a large extent of unaltered benzene hydrocarbons, 
then it may be mixed with crude oils. If it is mixed with creosote 
or crude oils, care must be taken that no acid liquor is removed 
with it. 

It is wise to submit a sample of jwridine acid to a test in 
the laboratory to see whether it is saturated with i)yridine bases. 
If it is not, it may be used as a first wash on a fresh oil, after it 
has been diluted a little, and the oily and resinous matter 
s.kimmed 6ff. By this means a further quantity of pyridine 
bases' wilt be taken up and generally a complete saturation 
obtained, at the same time very little oily or resinous matter 
is picked up. Pyridine aejd of this nature must, however, be 
put through the same process of dilution as that already de- 
scribed before worldfig up for the recovery of bases. 

A useful point to bear in mind is that the condensed water 
from a steam distiidation of once-distillecl. light oil contains 
some pyridine bases. When it is convenient, this water should 
be used to. dilute the pyridine acid. The following details of 
an actual distillation will illustrate this point : — 
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Oncc-dis'tillcd light oil charged into the still and submitted to 
distillation by steam, the vhlume being 1200 gallons. 



R<itc of (iistillation. 

Pvndirc bases 


Water 

Oil. 

* in watei. 

I lour. 

(jail, per lioiir. 

Ciall. pel: hour. 

Per Cent. 

1st 

I 

100 


4th ,, 

25 

75«- 

• 1-5 

qth 

45 

50 

0.65 

1 2th 

1 55 

^0 

4 

trace 


Volume of pyridine basts in the bulked water, 2.73 gallons. 

Amount of pyridine bases removed from the oil by water, 
0.228 pi'r cent. 

Tlie clarified pyridine acid is run froip the bottom of the 
diluting or treatment tank intp the acid eggr* In the mean- 
time the still is charged with a quantity of quicklime. The 
quicklime is slaked while in the still, and the mass thoroughly 
boiled up with open steam, the manlid of course being closed 
prior to ihe boiling operation. When the lime-milk is thoroughly 
heated, the pyridine acid in the egg may be 14pwn into the still. 
The pyridine acid should not, under any circumstances, be 
iniioduced into the still first, as owing to its more or less 
aedd nature, it is apt to act upon tne metal, and also as the 
reaction ’vith lime commences at once, the addition of this 
material last will make the operation obnoxious and may 
result in some loss. It will generally be found that the dis- 
tillation commences almost as soon as the contents of the egg 
ha^'e been discharged into the still, and on this account care 
must be taken when introducing open steam into the still, 
otherwise ifcre is a risk of blowing over some of the contents 
into the coil and receiving tank. It must of course be remem- 
bered that the water flow through the condenser tank should 
be started before charging the pyridine acid on to the lime- 
milk. Immediately the acid egg is discharged it is advisable 
to open the drain cock and thoroughly drain, and therr cleanse 
by bloving open steam into the egg for % short time. 

. ' The rate of distillation is controlled so that the distillate 
(which consists for some considerable part of the operation 
of a solution of pyridine bases in watei^ flows, from the worm 
end in a stream about the thickness of three fingers placed 
together. This pistillate should leave ithe condenser coil at 
the beginning perfectly clear, not cloudy. There are times 
when a slight cloudiness appears, wWch clears up in, say, about 
ten minutes. If, however, the cloudiness persists for any 
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considerable length of time, then it is an indication that an 
excess of oily matter has got into the still with the pyridine 
acid. In a case like tliis, there is nothing to do but finish 
the distillation and recover the ^pyridine, as will be described 
shortly, dissolve it in dilute acid, and allow the oil to 
separate and then skim off, after which the clarified pyridine 
acid will have to be submitted to another distillation. Towards 
the end of the distillation, it will be noticed tliat the distillate 
leaves the wgrin end c]oudy. This cloudiness is nqt due to oily 
material, but to heavy pyridine bases wliich are not soluble 
in water. These bases t're worth recovering, but are not so 
valuble as the soluble ones, and the distillation is continued 
for some little time after th>‘ appearance of the cloudiness which 
indicates their presence. The best method of obtaining the 
point at which the distillation should be discontinued is to 
examine by a rough test a sample of the distillate as it leaves 
the worm end for the percentage of pyridine bases. This test 
is carried out a., follows. Twp hundred c.c.’s of the distillate 
are run into a separating funnel and “ sprung ” with about 8o 
c.c.’s of 90" Tw. caustic soda. After a short rest the under- 
lye is removed and a further quantity of 90° Tw, caustic soda 
(about 50 c.c.’s) added. The lot is well shaken, allowed to rest, 
the under-lye r(^{noved, and the bases run into a graduated 
measure. 

If it is desired to recover all the heavy bases possible, then 
the distillation should cease when about per cent, is present 
in the distillate ; otherwise the operation is brought to a close 
when I per cent, of bases are present in the distillate as it runs 
from the worm end. The length of time which a still may run 
between i and J per cent, is sometimes considerable, and it 
may cost in many cases more for steam, etc., than the heavy 
bases which are recovered are w^orth. In addition to this, there 
is such a large volume of water distilling into the pyridine 
water tank that a very considerable amount of soda will be 
required to throw the whole of the pyridine ba.ses up, and this 
will result in a very weak recovered caustic lye, which may 
require concentration before it can be used in the works for any 
other purpose. With further reference to this point, some 
distillers prefer to collect heavier bases in a separate tank and 
spring them separately wifh soda. Throughout the whole 
operation the distillate should leave the worm end at a tempera- 
ture below 75° ^ahr. • 

Details of an actual working will no doubt be of use to the 
student. i 

Charge of diluted and clarified pyridine acid into still, 350 
gallons. Distillation commenced at 12 noon. Pyridine bases 
in distillate estimated with 90° Tw. caustic soda lye. 
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Tune. 


, _ . # 

Peiccntas:c of bases in* Average rate 
distill.ite jt worm encl. of distillation. 


Rem, irks. , 



12. 15 
12.30 
12.^5 
1. 00 
2.00 

3.00 

3-45 

4.00 



56 

48 

43 

31 

10 

4 

2 

-=1.03 dried 
bases 




1 10 gall, 
per lioiir 


4 


Heavy bases ap- 
peared at 1.30 p.m. 
At 3 p.m. 2<)2 galls. 

distillafe collected. 
At 4 p.m. 400 galls, 
collected 


It is advisable to discharge the contents of the still through 
the gate valve at the bottom into the tank underneath very 
shortly after the operation of distillation is*iini»hed. If this is 
not done, there is a tendency for the lime residue (tliis consists 
chiefly of a mixture of calcium sulphate and unrcacted-upon 
lime) to settle on to tlie still bottom and sides into a dense mass 
which is difli ult to remo\e. As .soon as possible after the 
discharge of tJie lime mud, the manhole should be opened and 
the sides and bottom of the still washed down with cold water. 
The .nud, after draining by filtration or any other method found 
suitable in the works, is either taken 10 a “ tip ” or got rid of 
in any other convenient manner. 

With reference to the quantity of lime required for a dis- 
tillation of clarified pyridine acid, this will vary somewhat 
.0001 ding to the amount of sulphates of the bises present. It 
IS as well to submit a small quantity to an examination in the 
chemical laboratory for the amount of sulphuric acid, and then 
calculate the quantity of lime required for neutralisation. A 
slight excess over this quantity is generally added. As a guide 
500 gallons of clarified pyridine acid, at a strength of about 
40° Tw,, will require 1600 lbs. of Buxton lime. The writer, 
however, stiongly advises a laboratory test to b& made each 
time, rather than working by rule of thumb. • 

The weak pyridine water in the receiver will contain a 
varying quantity of pyridine bases. Average amounts range 
between 35 and 40 per cent. This pyridine is recovered in most 
works by the addition of caustic soda of m»derat<jjy high specific 
gravity. Pyridine bases are not soluble to any appreciable 
extent in solutions of caustic soda above 3Q° Tw. It is therefore 
necessary to* use a strength of caustic soda sufficiently high to 
yield an under-lye of a strength not less than 30° Tw. or 1.15 
specific gravity at 60“ Fahr. A good strength to use for the 
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separation or springing of the pyridine bases fr( 5 m the water 
is between 45° and 50° Tw. While'udding the caustic soda lye, 
the contents of the tank should be thorohghly agitated, and 
when this operation is finished, a period of resting of, say, one 
or two hours ^should be allowed.** The weak under lye may then 
be run off into a storage tank for further use, say for the re- 
covery of cresylic acid or phenols, or it may be concentrated 
or reinforced with solid caustic*' soda to raise its strength. The 
pyridine wlych has separated will yet contain water, and it is 
necessary on this account to dry it. 

The pyridine bases,. are considered as sufficiently “dry” 
when they contain not more than 4 per cent, of water. The 
drying process may recivire several treatments with strong 
caustic soda, but in all cases the last operation should be con- 
ducted with a caustic soda lye of a strength of not less than 
(y)° Tw. In the writeTs opinion caustic soda for use in the 
drying operations should not be weaker than 60“ Tw. for a 
commencement, ft is not possible to give any definite figures 
in connection with the volume required to dry pyridine bases, 
but these quantities can be found quite easily by carrying out 
rough laboratory tests on a given quantity of the bases. If 
50 c.c.’s are taken in a 100 c.c. test mixer, and small quantities 
of caustic soda^of the strength it is desired to use are added, 
shaking after each addition and allowing to settle until a point 
is reached where a further addition of the caustic lye shows no 
further shrinkage of the pyridine bases, then from the amount 
of caustic soda reejuired to reach tliis jioint the volume necessary 
to dry the bases contained in the treatment tank can be obtained 
by a simple calculation. 

In a works where the COg process for the recovery of phenols 
is in use, the pyridine may be conveniently sprung or separated 
from the water by the use of soda ash (58 per cent, alkali). It 
must be remembered, however, that the separated pyridine 
cannot be dried with this material. The under-lye of soda ash 
solution can be used for reinforcing the spent liquor (impure 
carbonate of soda solution) obtained from the reaction tower 
before it is eauticised. (Sec Chapter viii, page 116). 

Tills under-lye may also be causticised after diluting to a 
strength of about 23° Tw. and then used in the CO2 process or 
else concentrated and used^ on the pyridine plant. The soda 
ash should be added in the dry state, and after each addition 
of, say, a couj^le of Iwndred pounds, the tank contents should 
be very thoroughly agitated. It is necessary to continue 
this agitation until fhe whole of the ash has dissolved, after 
which the contents are allowed to rest to enable the “ sprung ” 
pyridine to rise to the -surface. The under-lye of soda ash 
solution is run off and any drainings removed before the addition 
of caustic soda for the purpose of drying. 
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With refirence to the quantity • of * soda ash required 
“ spring ” pyridine bases from weak pyridine water, the following 
figures may serve as a guide. To every loo gallons of pyridine 
water, about 170 lbs. of 58 per cent, soda ash is acjded. The 
under-lye, after the separation? of the pyridine bases, will test 
about 40° Tw. If soda ash is used for “ springing,” the drying 
operation is carried out in the manner already described. 

The ” springing ” and drying operation may be carried out 
in the receiving tank, but it is advisable, especially in cases in 
which a largC volume of pyridine acid i? to be worked up, to 
carry out this series of operations in another tank. This will 
relieve the receiver, and a further distilling operation may be 
carried 011 within an hour or so of the finish of the previous one, 

Tlie dried pyridine may be run iifto a storage tank to await 
the process of rectification, or if this process is not carried out 
at the works, tiien the pyridine is generally filled into barrels, 
or, better still, into iron drums, ready for desjiatch. It is neces- 
sary i)f course to sell this material on a tes#, anp the method of 
carrying this out will be found oft page 232, chapter xix. 

in tlie process of rectifying crude dried pyridine, it is a good 
policy to ('ollt;ct the fractions into small receivers or packages, 
so that eccli ’uay be tested at the end of the operation, and a 
suitable mixing made to obtain a rectified pyridine which will 
answer any test required by the buyer. Th^two chief types 
of r T.titie»l pyridine are : one which will give not less than 
qo per cent, at 140'' C. when distilled 'U a 100 c.c. Wurtz flask, 
and the other which yields 50 per cent, up to 140, and 90 per cent, 
up to ifiO^ C. There are other tests which these rectified 
pyridines are required to answer, and they will be described 
.Lilly in chapter xix. 

Hciving charged the still with a quantity of crude dried 
pyndine, the fire is lighted, and the temperature of the still 
contents raised fairly rajndly at first, but as soon as the dome 
begins to g^c hot the filing is carefully regulated until the 
distillate appears at the v virm end. Priming into the fractionat- 
ing column must be avoided. 

The distillate is now collected until a sample taken from 
the worm end and tested does not commence to distil until • 
140° C. IS reached. This fraction may, be collected in a single 
receivei and reserved for 90 per cent, at 140“ C. pyridine. If 
this is done it is advisable to test* the contents of the receiver 
frequently fo^ the percentage at 140° C., idter a thorough mixing, 
when the change-over point is near at hand. 'The distillation 
is continued from the point just mentioned until a sample 
collected at the \form end and tested diies not yield anything 
at 160° C. This fraction is known as^heavy refined pyridine. 

Another plan may be used for collecting the first fraction 
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f/om the distillation of drude pyridine. It is to rmvthc distillate 
into 4()-5o-gallon drums and cut fer the first fraction when a 
sample 'taken from the drum into which the'distillate is “ work- 
ing ’’and tested yields about 70 per cent, at 140" C. The second 
fraction is collected between this point and that at which a 
sample of the'distillate when tested yields nothing at 160° C. 

After the second fraction has been collected, distillation is 
discontinued, and the residue run to the bottoms tank, after an 
interval of an hour or so, in order to allow it to cool down some- 
what. Tlie •ccond fil^ction is refractionated in tlic same, or a 
similar still, in order to obtain some more pyridine bases suitable 
for mixing with the first' fraction. It is advisable to split this 
fraction on redistillation into two portions, cutting the first 
fraction when a sample frAn the wonn end begins to distil at 
140'’ C. and the second fraction when a sample tested from the 
worm end yields notliing at 160° C. Th(‘ residue in the still is 
run to the bottoms tank. It is a good plan to collect these two 
fractions in carjioys^or small dnuns, as it renders it more con- 
venient when carrying out tlie 'mixing process. 

With reference to this process, it is not easy to describe in 
detail the method of carrying it out. ft requires a few montlis’ 
experience in order to decide correctly how many gallons of 
bases giving one test should be added to bases of anotlier test 
to produce the desired result. It is a good plan to test the 
contents of the carboys obtained from the refractionation of 
the second fraction from the first distillation, and also the 
contents of the drums which contain the first fraction from 
the first distillation. Having obtained these distillation tests, 
experience will teach whether the contents of one or more 
carboys from the redistillation of the second fraction should 
be mi.xed with the first fraction, or whether any of the first 
fraction should be removed before the mixing is carried out. If it 
is found that the contents of any of the carboys or drums contain 
oil, or an excess of water, then they should be rejected for re- 
working. It is often possible to use pyridine bases containing 
a fair quantity of water, as the greater part of the distillate is 
generally free from tliis substance. If a little oil be present 
it is generally quite safe to employ for mixing, but it must be 
used with caution. In Jhe finished pyridine, according to most 
specifications, water should not exceed 7 per cent., and, when 
tested according to usual specifications, should show no signs 
of oil. The methods of testing pyridine bases, both crude and 
rectified, will bd described in chapter xix. 

With reference to the bottoms, these are sometimes re- 
fractionated, and may yield 2 per cent, or i per cent, below 
140° C. This of course is useful for mixing purposes. The 
distillation may now be carried on up to a point where a sample 
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collected frojn the worm end and testcd>yields nothing at aboiJit 
180° C., and this distillate fan be sold as heavy bases. Some- 
times the bottom^^ are sold under the same term without 
redistillation. 

With reference to cleaning >the still, it is policy to carry out 
this operation after every second distillation when working 
dried, crude pyridine, and after every distillation when working 
bottoms or heavy bases. o 

The following details referring to the yield of pyridine 
bases from«t)nce distilled naphtha and' once disUlled benzol 
will no doubt be instructive. The figures are average ones 
only, aiid it must be remembered thal? distillates from different 
tars will give results higher or lower than them. 

Once distilled benzol iiou gallons taken. 

One wash only. 

Pyridine base^ recovered : cent. 

8.27 gallons f)0 per cent, at 140" C. pyfklinj' bases ^ -0.75 

0.64 gallons higher bases * 

Once distilled naphtha. 1550 gallons taken. 

1st wash. 

29.7 gallons 90 per cent, at 140^ C. pyridine bases. 

8.3 ,, higher bases. 

2nd w.ish. 

28.3 gallons 90 per cent, at 140'' C. pyridine bases. 

8.9 ,, higher bases. 

3rd wash. 

4.2 g; I Hons 90 per cent, at 140'' C. pyridine bases. 

,1.3 .. higher bases. 

'rouii. cent. 

()2.2 gallons 90 per cent, at 140° C. pyridine bases -4.01 

18.5 , higher bases. ' 1.19 

An average amount of crude pyridine obtained per ton of 
tar distilled is 0.247 g^illons. 



CHAPTER XIV 


PLANT FOP TTTI-: MANUFACTURE ifOF CRUJ)E NAPHTHALENE AND 
ANTHRACENE 

5alting-oul tanks -TocTyslalhsing tanks - hydraulic — c'ontrifuf'al 

machine— anthracene oil still -eryslallisinf' tanks liydraulic press — 
filter press — grinding nutchinery — washing tank. 

"rude naplithalcne and arliiliracene are not prepared in all tar 
listilleries, and this remark applies especially tr) the latter 
product. It is thought advisable, however, to deal witli the 
aibjeet briefly in this and the next chapter. Crude naphthalene 
s placed on the mar,ket chiefly in tfiree qualities, viz. : drained, 
tressed, and “ \(hizzea” ; aiuUthe pieces of plant necessary for 
;he production of these qualities are as follows : Salting-out tanks 
)r boilers, recrystallising tanks, hydraulic presses, centrifugal 
nachines, together with the necessary steam piping, bags, 
itaging, etc. 

The salting-or-t tanks or boilers may be of any convenient 
diapc. Usually they are second-hand steam boilers with the 
:ubcs drawn and the ends blanked, or else second-liand egg- 
mded steam boilers. The size of these tanks or boilers varies 
generally between 4000 and 10,000 gallons. Endi tank sliould 
be provided with a 2-inch inlet pi])e ; one 2-inch outlet pipe 
kvith tap placed at the bottom for the purpose of draining, the 
mtlet being closed inside by means of a lead-lined plug with 
1 long handle, to prevent it getting salted up (this pipe may be 
connected to a pump if desired, or else arranged to lead the liquid 
)il into storage tanks by force of gravity) ; a suitable closed 
deam coil, built up of li-inch steam-pipe; a manhole of the 
usual size and provided with a loose cover ; and also a 2-inch 
:)Utlet pipe and tap, which may be placed at the bottom of the 
tank for the removal of the melted salts. Some prefer to put 
n a by-pass on the draining pipe, and use tliis for the removal 
Df the melted salts. Others prefer to insert through the top 
Df the boiler a suction pipe raaching to the bottom for the same 
purpose. Neither of these plans is good. The outlet pipe for 
the melted saltr is connected up to a steam pump, and a pipe 
line is arranged from the delivery side of the pump, so that the 
liquid may be delivered into the recrystallising tanks. Re- 
ducing T's should be placed on the suction and delivery mains, 
ind connected up to a i-inch steam-pipe, so that steam may 
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be blown the pipes after the flumping operation, in 

order to thoroughly clean Niem and prevent them becoming 
salted up or choked. • The number of salting-out tanks or 1 )oilers 
required will vary of course according to the quantity of salty 
oil it is desired to deal with per day. 

Tanks for recrystallising the melted salts should be shallow. 
A general size is 8 feet wide, 14 feet long, and 2 feet deep. The 
tanks may be placed on the grefund level, or, better, a foot or 
two above the same, as this will allow air to circulate roiftid them. 
They are pn.’s^ided with one or more mch outlet pipes and 
taps, by which to drain away the mother liquor or oil which 
separates into underground tanks or bwlers. The outlet holes 
should be ( losed by means of lead-lined plugs, with a handle 
to facilitate their removal. These tanfs must of course be under 
cover, and it is an advantage to arrange that the room in which 
they are p>laced can be suitably cooled, or else the tanks 
themselves may be artificially chilled during hot weather. 
It m,ay be added that many works do not tr( 5 hbl% about chilling 
at all, but rec(jver just so much ^^dlts as will crystallise out at 
the temperature existing during tin' time of working. 

The salts from the recrystallising tank are removed by manual 
labour, and either ])ressed in hydraulic presses or dealt with 
in a centrifugal machine. Suitable types of hydraulic press 
are shown in Figs. 64 and 65. The head, bottom, and table of 
these presses are of the best cast-iron, macliined where necessary. 
Close-grained cast-iron is used for the ram, and it is polished the 
full length to lit the cylinder, which is constructed of best cast 
steel and supplied with a steel gland. The columns are made 
of mild steel and fitted with steel nuts. Division plates of mild 
nt" ;1 are suppbed loose or as part of the press, as shown in Fig. 65. 
Centrifugal inachines arc specially made for this purpose by 
several firms, and an excellent type is illustrated in Fig. 66. 
Tiiis machine is electrically driven and suspended on three pillars 
so arranged ti at the vibration is absorbed and the necessity 
for a massive foundation done away with. It is self-contained, 
the electric motor being built on to the centre .spindle. The 
electric motor is fitted with an automatic starting-gear, which 
makes the machine fool proof, and the starting up quite ,aut( 5 - 
matic. An outlet is provided in the revolving basket through 
which the “ whizzed ” material can be discharged down the 
discharg(^ shoot and on to a small trifck or barrow, or into a sack ' 
placed underneath. Steam-driven mach^ies are sometimes 
employed instead of electrically driven ones. If is of course 
necessary to provide an underground tank into which the oil 
pressed out during* the appheation of hydraulic pressure, or 
separated by centrifugal force in the. “ whizzing operation, 
can be run. 

Mj 
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The methods of v^orking up crude anthracene vary : some 
prefer to redistil the green oil, others simply to allow it to cool 
and seiiarate out the crude anthracene. If it is desired to 
distil thc‘ oil before treatment, then it is necessary to put m a 
still of wrought-iron or mild ^.teeh somewhat similar to a tar 
still in shape, and provided with similar fittings, such as charge- 
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pipe outlet pipe, swan neck and stool, safety-valve, manhole 
and lid, etc. The still bottom should -not be built with very 
much rise, the crown plate having a rise of between 12 inches 
and 18 inched. The concave portion of the bottom is connected 
to channel plates, as already described under tar stills, and 
the dome of the still should have a rise (A between 12 inches 
and 14 inches, according to the size of the still. It is of course 
necessary to connect the still to a condenser coil, which latter 
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piece of appai*citus will require the usifal Condenser tank, fitted 
in all respects as described ^nder tar or light oil stills.^ The 
number of receivers vhll vary*according to the desire to separate 
the distillate into one, two, or three fractions. Whether the 
green oil or anthracene oil is distilled or not, the remainder of 
the plant is practically the same. It consists chieflj^ of shallow, 
crystallising tanks, about the same size as those used for the 
recrystallisation of the naphthailme, a filter press or presses, 



Fig. 66.— Centrifugal Madiine. 


washing tanks, one or more hydraulic presses, ami an edge 
runner or other suitable mill for grinding the washed arid re- 
pressed anthracene. The crystallising tanks are fitted up with 
2-inch pipes and taps at the bottom for the purpose of draining. 
They should of course be under cover, and sometimes the chamber 
in which they arc erected is artificially cooled during the summer 
months. As a matter of fact the arrangement of these tanks 
and their fittings is very similar to that alre^idy described under 
naphthalene rec^stSllising tanks. 

If it is desired to press the crude anthracene or crude 
naphthalene at an elevated temperature, then a horizontal 
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’or vertical hyclraulii tot p.css must be installed. In the 
best types of hot press each division plate is connected to 
a flexible steam-pipe and so constructed that steam may 
circulate in its interior. An excellent type of filter press is 
illustrated in Fig. 67. For dealing with anthra -ene this piece 
of apparatus, is usually made with very deep chambers and ot 
the flush plate and distance frame type. The plates may be 
either circular or square in shape, and are fitted with plain bib 
outlets for the filtrate. With reference to the feed inlet, this 
can be arranged {«)' through a passage in one'c-orner of eacli 
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plate having a port to each distance frame, and (/;) by a central 
hole through the plates. In order to secure the maximum 
amount of area of cloth available for effective filtration, careful 
attention must be given to the construction of the plates. 
plates of the press illustrated have their faces studded with 
small, truncated, square pyramids; and this in the writer's 
opinion forms the most efficient support for the filter cloths. 

With refijrence 'to grinding machinery, one of the many 
types of edge runner may be used, or a Carr’s disintegrator, or 

other suitable type. • \ / 1 r 

Tanks for wasliing the anthracene are constructed of wrought- 
iron or mild steel and provided with paddle or archimedean 
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screw agitators. They may be erected in s, vertical or horizontaf 
position, and should in either case be covered in. The washer 
should be fitted with- a dosed steam coil in order to wafm up 
the charge, a charge-pipe for introducing the washing material, 
a manhole ab^^^ut i8 inches by *'12 inches, through which the 
pressed anthracene may be dropped, and an outlet pipe to remove 
the contents after washing to the filter press. 



CHAPTER XV 

THE MANH7/CTURE CRUDE NAPHTHALENE AN.I^ ANTHRACENE 


Chemical and pliysical properiies of naphthalene and anthracene — salting- 
out the oils — ^lecrystallising fhe naphthalene salts — “ drained ” 
naphthalene — "whizzed,” naphthalene — "pressed ” naphthalene — 
distillation of anthracene oil — ■" salting -out ” the oil — filtering the 
" salted-out ” oil— -pressing and washing crude anthracene. 


Naphthalene, C^oHs, occurs in the form of white monoclinic 
crystals posser*sing*a peculiar tar-like odour. Its specific gravity 
at 15'' C. is 1. 1517 and at 1*00° C. 0.9628. Naphthalene melts 
at 80° C. (corr.) and boils at 218.21° C. (corr.). In cold water 
it is quite insoluble, but it is very slightly soluble in hot water. 
It is dissolved by ether, alcohol, chloroform, carbon disulpliide, 
acetic acid and the essential oils. Toluene and benzene also 
dissolve naphtVialene. At 15° ('. 100 c.c. of alcohol dissolve 
5.29 parts of naphthalene and at 16.5° C. 31.94 parts are dis- 
solved by 100 pars of toluene. It is represented by the following 
constitutional formula : — 


CH CH 



Naphthalene is a very staDie suDstance ana is converted into 
simpler substances with great difficulty. If it is boiled with 
dilute chromic or nitric acid it is slowlv oxidised into ortho- 
phthalic acid : — 
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It is readily acted upon by concentrated nitric acid, forming 
nitro derivatives, the reaction being /acilitated by the presence 
of concentrated sulphuric acid. If it is heated with concentrated 
sulphuric acid naphthalene is readily sulphonated, forming 
naphthalene sulphonic acids. 

On adding a cold alcoholic solution of picric, acid to a cold 
alcoholic solution of naphthalene a yelkA. crystafliiie precipitate 
of naphthalene picrate, CjoHs.CgHgiNOgja.OH, is formed which 
melts at 149° C. 

Antliracene, CgH^ : {CH)2 : CeH4, in the pure state occurs in 
the form of small white glistening plates with a violet fluorescence. 
It has a specific gravity of 1.147, melts at 210 .^^'' C. (corr.), and 
boils at 351° C. (corr). In water it is insoluble, but is dissolved 
by alcohol, ether, benzene, carbon disulphide and many other 
organic solvents. At 15° C. 100 parts of alcohol dissolve 0.59 
part of anthracene. In ether it is rather more soluble, 100 parts 
dissolving 1.17 parts at 15° C. 

The constitutional formula of anthracene is written thus : — 


OH CH CH 



If antliracone is* exposed to light it * is transformed into 
dianthracene, which in the dark l^ccomes depolymerised to 
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anthracene. Tliis is qne ,of the rare instances o£ a reversible 
photochemical reaction. ^ 

' ^ 

2 — ^C28H20. 

dxi k , 

It is not possible to nitrate anthracene, and when it is acted 
upon by nitric acid (and also chromic acid) it is oxidised to anthro- 
CO 

quinonc 66^4 . C6H4, which melts at 277" C. 

Wlien saturated akoholic solutions of anthracene and 
picric acid arc mixed, ruby-red needles of anthracene jhcrate, 
(i;^4Hio,C(jH2(N02)3.0H. art precipitated. These crystals melt 
at 138“ C. 

In the manufacture of crude naphthalene, washed light 
creosote, and also the bottoms from the benzol, naphtha and 
light oil stills are ^.‘tuployed. It is necessary to see that the 
distillates, suclfas light creosote, are quite free from tarry matter 
if tliey are intended for this purpose. These oils are pumped 
into the crystallising boilers and allowed to remain for several 
days in order to crystallise out the naphthalene or “ salts.’/ 
The period of time which the contents of these boilers are allowed 
to rest will vary according to the time of the year and average out 
between three to five days. When the “ salting-out ’ ’ is completed, 
the oil which has separated is drained away through the drain- 
pipes into storage tanks. This oil is tested for its specific gravity, 
and if found to be low, is mixed with liquid heavier creosotes, 
or strained green oil, and placed upon the market as hquid 
creosote. The crude naphthalene remaining in the boilers is 
melted up by the aid of closed steam, and when the whole of it 
is in the liquid state, and at a temperature well above the cry- 
stallising point, it is pumped from the boilers into the rccrys- 
tallising tanks. Immediately the pumping operation is finished, 
steam should be blown through the suction and dehvery mains, 
in order to clear them of any liquid salts which may remain 
and which will, if not removed, solidify in the pipes and cause 
no, end of trouble. 

Th6 liquid crude naphthalene in the recrystallising tanks is 
allowed to cool down and recrystallise out from the oil which has 
been carried over from the “ salting-out ” boilers. After a 
period, var5dng from two to four days, the drain taps are opened 
to allow any oil wliich has separated to run off. This oil is 
removed to storage boilers or tanks, and allowed to rest for 
several days, after which it is mixed with other liquid creosote 
oils and disposed of as liquid creosote. It may be added that any 
“ salts ” which is deposit^id in these boilers is melted up from 
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time to time.and pumped into the rcerjitallising tanks. Aftdr 
the crude naphthalene has tiioroughiy drained it may be placed 
into barrels or other suitable,packages and disposed of as drained 
naphthalene. 

If, howevej", it is desired to pseparc from the drained naphtha- 
lene a quality known as “ whizzed ” naphthalene, dt is removed 
from the recrystallizing tanks and charged into centrifugal 
macliines. Care must be takeia to level the “ salts ” in the 
cage of the machine, otherwise there is a great risk of wobbling, 
which may IcsrI to an accident when the mcLchine is st?t in motion. 
The cage should not be overcharged, and should not be started 
up too suddenly. With a good centAfugal, it is possible to 
■' whiz ” four to six charges per hour, the size of the charge of 
course varying according to the dimensions of the centrifugal. 
Should the centrifugal be self-discharging, then the “ whizzed ” 
crude naphthalene may be released from the bottom into a 
special receiving pan, or direct into sacks. The oil as it flows 
from the machine is conducted into the liquid creosote storage 
tanks or boilers. • 

Pressed naphthalene is prepared by taking the recrystallised 
crude fron; the recrystallising tanks and placing them into 
press bags. These bags are made of various materials, some- 
times even orfiinary sacking being used. The size of a bag when 
filled will vary according to the dimensions #f the press, but 
an average may be taken as 9 inches wide, 18 inches long, and 
3 inches thick. Care must be taken to keep the thickness of 
the filled bags as even as possible, otherwise there is a risk of 
rupturing tht press table during the process of pressing. When 
charging, tlie press table is run down to the floor of the press. 
It is then covered with bags, arranged so that there is a space 
oi about 2 inches between each. When the table is full, a 
wrought-iron plate about J inch thick is placed upon the top 
of them, and this is covered with bags in a similar manner to 
the table. 1 'lis operation is carried out until the press is 
charged. It is important that care be taken to arrange the 
plates and the bags on them so that they just cover one another, 
and do not project on any side. Any unevenness vertically 
will produce what is known as “ shunting,” i.e., the* middle will 
bulge out on one side or the other. Thijj will not only produce 
some half-pressed material, but there is a very great risk of the 
press table fracturing. In some types of hydraulic press the 
plates are suspended from the press-heajJ by steel links, and 
when the press is run down tliis results in the plates being of 
sufficient distance apart to charge with filled bags. If a press 
of this kind .is use€, it is necessary to plS.ee the bags on each 
plate so that they cover those on the plate immediately 
underneath. * 
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When the operation gf ch''rging is complete^!, hydrauKc 
pressure is applied, and the press gently run up. The pressure 
is then 'slowly increased until it indjeates between ij to 2 tons 
to the square inch. After an interval of about one hour, the 
hydraulic pressure is released i^nd the press discharged. On 
opening the hags and ren^oving the pressed cakes, should any 
wet edges be noticed, these are cut off and re-pressed with another 
batch. The cakes of pressed naphthalene are now charged into 
a disentegrating machine, and when thorouglily broken up, 
placed into packages f«r dispatch. 

A far better quality of pressed crude naphthalene is obtained 
by using a steam-heated hydrualic press and carrying out the 
process known as “ hot pressing.” A naphthalene which has 
been properly hot pressed will give very little trouble in the 
refining process and will yield an excellent finished product. 
It is very necessary to pay attention to the regulation of the 
temperature employed for pressing. Within limits the higher 
this temperature the better the result, as more foreign matter 
is removed, but it must not be forgotten that the presence of 
oil in the unpressed naphthalene lowers the melting point and 
if the naphthalene has not been carefully centrifugalled to 
remove the maximum amount of oil and a liigh temperature 
is employed during the pressing, then an excessive quantity of 
naphthalene will come away with the press drainings. It is 
advisable to let the works chemist determine the best temperature 
at which to press any individual working of naphthalene. 

In the preparation of crude anthracene, if it is desired to 
redistil the anthracene oil as obtained direct from coal tar, then 
a quantity of this is charged into a still and the fraction which 
comes over between the point at which the distillate tests 14” 
Tw. at 60° Fahr. and that at which it tests 26° Tw. at 60° Fahr., 
or when it shows what is termed “ grease,” collected for this 
purpose. These figures are only approximate, and have to 
be varied according to the nature of the oil under treatment. 
It is rather difficult to explain what is meant by “ grease.” 
The distiller, by experience, is enabled to tell from the appear- 
ance of the distillate, if a small portion is allowed to cool on a 
piece of irefn or glass plate, when anthracene approximately 
ceases* and liigher solid bodies appear. The presence of an- 
thracene in the oil is generally shown by a curdy or gritty 
appearance when the oil is chilled, and ” grease ” when the 
oil on cooling sets to a buttery-like mess. The anthracene 
fraction is pumped ihto the crystallising tanks situated in the 
press house, and there allowed to cool in order to separate out 
the crude anthracene.* ^ ^ 

Should it be desired not to redistil the anthracene oil fraction 
as obtained from the tar Stills, this is pumped from the receiver 
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into the cr5rstallising tanks, and is snbmijted to the same proce^ 
as the redistilled “ green ^)il ** fraction. The length of time 
which the contenls of the ^crystallising tanks have to 'rest in 
order to complete crystallisation will vary according to the 
time of the ypar, unless the chajnber or the tanks are artificially 
cooled. From two to five days may be takea as averages 
throughout the year. 

After the separation of the cyude anthracene has taken place, 
the contents of the tanks arc pumped through filter presses, or 
else into bag ^lltc^s, which are prepared Vy tying special bagging 
over flanges fitted into the pumping luain, and then fastening 
up the bottoms with cord, the lot bein»g suspended over a tank 
to catch the drainings ; or else into an ordinary filter tank 
across which is suspended a filter l#ed made of filter cloth or 
bagging, and supported by wicker or basket ware. At the 
present day the filter press is generally used, as it deals with 
the material most expeditiously. In pumping through a filter 
press, the pressure must be raised graduaijy and kept as long 
as possible at a low point. When the p”ess is full and oil ceases 
to run from the press plates the press is opened and the cakes 
of filtered anthracene are removed. The filtrate, whichever 
way obtained, is known in the trade as strained or dead oil. 
The cakes from the filter-press may be submitted to pressure 
in a hydraulic press, and then ground up an^ washed, or else 
washed first, and after a further filtering pressed by hydraulic 
pressure, according to the quality of crude anthracene it is 
desired to produce. If it is required to press first, the cakes are 
broken up and charged into bags and then into the press, and 
then submitted to hydraulic pressure in a similar manner to 
that described under naphthalene. Sometimes the crude 
anthracene from the filter is passed through a centrifugal macliine 
before submitting to hydraulic pressure. The filtered material 
is filled into bags and these are packed into the cage of the 
centrifugal, if a suitable gauze is fitted to the cage, the crude 
anthracene may be charged into it direct. Often hydraiflic 
pressure is applied at an edevated temperature. This is carried 
out by employing a steam-heated hydrauhe press. 

After the pressing operation is completed, the cakes .are 
removed from the bags, ground up under an edge-runnef or in a 
disintegrator, charged into the washer and washed with " salted 
out ” (liquid) Hght creosote or a nwderately heavy naphtha free 
from naphthalene. The quantity of liquid used to wash say one 
ton of pressed anthracene is about 500 lo booigallons. When 
the washer is charged, the contents are heated up by the aid of 
closed steani andi thoroughly well agitated. While washing a 
temperature of about 80° C. is maintained. The period of agita- 
tion varies according to individual 'ideas, but averages about 
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three hours. After the weshing operation, the contents of the 
washer are allowed to cool down about 20° C. and then 
pumped through a filter press, the press cakes removed, and either 
hydraulically pressed, ground up, and spread out to dry in a 
drying room, or else roughly broken up as remo^’ed from the 
filter press and dried. The more complete the separation of the 
washing liquid from the crude anthracene, the purer the product ; 
so if circumstances allow, it is far better to hydraulically press 
after the filter pressing operation than to dry after removing 
from the filter press. L point worth bearing in miiid is that the 
same kind of oil should be used for the washing of all batches 
of anthracene, should it be desired to produce the same quality 
of this material. 



CHAPTER XVI 

PITCH AND PITCH “ GETTING " 


Soft [)itch nudnini hard and hard piicli ticpiii to run pitch in bay— 
coohiiff of pitch — ^jirotection of pitch-trettcr’s eyes — "getting” or 
digging pitch — tools — cost of getting piifch— pitch cancer. 

There are three chic! grades of pitcfli, viz. : soft, medium and 
hard. These grades are distinguished from one another by 
wliat is known as their “ twisting ” or softening point. This 
point will vary somewhat according to the method used Ho 
obtain it : for soft pitch the average is about, iio° Fahr., for 
medium pitch 140'' Fahr., and for hard pitch 210° Fahr. At 
the present day a very large amount of pitch is purchased on 
the amount of volatile matter which it contains. The methods 
of conducting these tests arc fully described in chapter xix. 

With reference to soft pitch, this is not made in very large 
quantities, and when it is, it is generally filled into barrels, when 
sufficiently cool, instead of running on to a bay. It is a matter 
of impossilfility to dig or “ get ” this pitch during the summer 
rnonihs. By far the largest quantity of pitch made is of the 
medium haid quality, and this, or the grade known as hard 
pitch, is run from the pitch coolers on to the bay, which is pre- 
^ared as described in chapter vi, page 78. It is advisable 
not to run the pitch to too great a depth, the best thickness 
being between 15 inches to 18 inches. This depth of pitch will 
cool rapidly and is dug with a minimum of labour by the 
})itch-gettcrs. With reference to the length of time that the 
pitch must remain on the bay before it can be “ got,” this will 
vary, naturally, according to the temperature of the atmosphere 
and the situation of the pitch bay. Under favourable conditions 
24 to 36 hours is all that is necessary, but there are times when 
two or four days must elapse before pitcji can be worked. 

During the summer months it is advisable to get the pitch 
at niglit, or in the early hours of the morning, rather than 
during the hottest part of the day ; an^ in order to keep the 
pitch cool, especiaUy that portion which carftiot be worked 
immediately, the surface should be covered with a thin layer of 
lime wash. , This ^vili prevent the absorption of the sun’s rays 
during the daytime. If it is necessary for the men to work 
pitch which has been lime-washed bn the surface, during the 
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(faytime, especially whi’e the sun is shining upon itj the portion 
on which they are working should -be washed witii water and 
a hard ‘brush to remove the lime-v'ash, as- otherwise the glare 
will injure the men’s eyes. 

It is a general practice among pitch-getters, in 'order to pro- 
tect the eyes, lO wear a piece of black crepe over them. This is 
not an clhcient method of protecting these organs, as sometimes 
rather large particles of pitch will fly up from the bed, and will 
easily damage the eye in spite of the crepe. Goggles made of fine 
copper wire gauze of lietween 30 to 40 meshes td the inch are 
much more suitable for this purpose, as the gauze will offer a 
considerable amount of f'esistance to fljdng pieces of jiitch. It 
should be added that the workmen do not care about wearing 
goggles, and in many cases will not even wear crepe. However, 
the management should insist upon this means of protection 
as a precaution against claims under the Workmen’s Com- 
peiisation Act. A good plan in order to prevent excessive 
rising of dust is to .vet the pitch at the point where it is being 
dug, and often the workmen will carry this precaution out 
witliout being told. 

Pitch is “ got ” by driving metal wedges into the layer on 
the bay with sledge-hammers weighing about 10 to 14 lbs. This 
breaks off large pieces, which are further broken down by the 
aid of pickaxes. Tiie pitch is then shovelled into barrows or 
iron skips, according to the .situation of the bed or the manner 
adopted by the management for loading trucks or carts. Some- 
times the pitch bay is so situated that carts can be backed into 
it, and loaded direct by throwing the pitch into them with a 
shovel. If the bay is below the ground level, then it is necessary 
either to wheel the pitch in barrows up barrow-runs, or else to 
raise it skips in by means of a crane. Should the pitch bay 
be above the level of the railway trucks, then it is quite a simple 
matter to wheel the pitch in barrows from the point where it 
is being “ got ” and tip it into the trucks at the end of the run. 

With reference to wedges, these must be made of good steel, 
about 2 feet 6 inches long and i| inches by inches in section ; 
“ set temper ” steel is a very suitable grade to use. New wedges 
should be tough but not brittle, as the tendency seems to be for 
the steel to become very brittle in time, owing to repeated 
hammering and to the presence of fine pitch dust, which settles 
upon the head of the wedge. Brittle wedges are dangerous, as 
particles fly off and often cause accidents by cutting the 
“ getter about the body. The same remark apphes to the 
hammers. Sledge-hammers having two faces are the best type 
to use, and the average workman prefers one of about 10 lbs. 
in weight. ■ 

The cost of getting pitch and loading it into wagons 
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will vary sofncwhat for each works, actiording to the position 
of the pitch bay, the thickness of the pitch on the bay, the time 
of the year, and so on. Under normal conditions in a properly 
arranged and well managed works it will vary between 6d. and 
yhd. per tonf including repairij. The average cost of repairs 
should work out at Jd. per ton. • 

For many years it has been known that certain men engaged 
in the handling of pitch (and also anthracene) develop warty 
growths. These growths often ulcerate, and at times* render it 
necessary remove, by surgical treatnfent, the aftected i)art. 
A year or two back a special inquiry was made at the instigation 
of the Home Office into this question, afid it was discovered that 
these ulcerated warty growths occasionally become the seat of 
what is termed by medical men epii^icliomatous cancer. This 
form. of cancer is considered to be the least malignant, and if 
removed is not usually followed by a recurrence. Draft regula- 
tions were drawn up, and in the course of time objections wt?re 
raised against these. Among the draft regulations, it was 
suggested that bathing and wasting on the factory premises 
should be carried out. It was required that the workman 
should take a bath at the wotks at least every alternate weekday, 
and wash before lee.ving the works for meals, or at the end of 
the day, when a bath is not taken. One of the chief objections 
raised against these regulations was that of washing and bathing, 
the worknaen stating that the eipiiication of water to the skin 
after pitch-getting c.au.sed them a consid(^rablc amount of 
pain. Owing to this and other objections a Home Office inquiry 
was made to consider the same, and an interesting pamphlet 
was published dealing with the lesults of the inquiry.^ 

It appeals that pitch dust also causes severe inflammation 
of the conjunctival membrane and cornea of the eye, and in 
some cases may result in the formation of epithelimatous 
cancer on these membranes. In any case there is great danger 
of septic inflauimation being set up, owing to bacteria getting 
into the ulceration, and thr possible chance of the loss of sight. 
The wearing of goggles or crepe will not prevent the fine pitch 
dust from getting into the eyes, and on this account it is advisable 
to wet the pitch somevdiat at thf’ point of working, as already 
stated, in order to prevent as far as possible the rising of dust 
during the “ getting ” operation. 

The pamphlet just mentioned * does not state what is the 
actual cause of the irritation, although jt seems to point to 
the fact that the cause is two or more of several chemical sub- 
stances contained in the pitch (or crude anthracene). These 
substances are divided into two groups : 'the auxeiics (excitors 

' The Problem of the Gas Works Pitch •Industries and Cancer. John 
Murray, Albemarle Street, London, W.i. Price 6d. 
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ot reproduction) wliichrstimuJatc cell muIlipIicatioA and kinetics 
(or augmentors) wliich increase the action of the auxetics. 
It appears that pitch cancer cannot he produced unless an auxctic 
• and a kinetic are present. The auxetics appear to be bodies 
akin to the amido acids or their^deiivatives and thfe amines, and 
the kinetics s&bstances of the ptomaine class, such as cadaverine 
and choline. 

The writer made some expcKments a while ago and was able 
to isolate* small quantities of acridene from coal tar pitch, and, 
on making k few exp^iiments with this material,' found that it 
set up considerable irritation, particularly when apjjlied to mucus 
membrane and espcciaRy when wetted. Possibly acridene is 
one of the hurtful substances of the auxetic type, but it rests 
with the medical men carfying out the inquiry to settle such a 
matter as this. 

Several methods have been suggested for the removal from 
coal tar of the substances which induce cancer, and among them 
are those of H.,W. Robinson and H. C. Ross. 

Robinson’s methods are briefly as follows : British Pats. 
4159 and 10156, Feb. 8th and April 30th, 1913. The addition 
of small quantities of formaldehyde or other aldehyde to coal 
tar at a suitable stage in the distillation process results in a 
pitch entirely or almost free from auxetics and, therefore, 
harmless as rega!.ds liability to induce pitch cancer. Sugar or 
other substance which decomposes at a temperature below 
250° C. with the formation of an aldehyde may be used. If 
formaldehyde is used it is added along with the steam after 
removing from the tar all the fractions which come over before 
anthracene oil. The quantity recommended is i| gallons 
of 40 per cent, formaldehyde for each 2000 gallons of tar. 

Robinson : British Pat. 20767, Sep. 15th, 1913. Tar is treated 
for 60 to 90 minutes with ozonised air applied at a pressure 
of 20 to 30 lbs. per square inch. 

Ross suggests the following : British Pat. 11984, Mar. 22, 
1913. The auxetics in tar are removed by bringing the tar into 
intimate contact and spraying it with hot water or hot dilute 
acid. The mixture is projected on to a plate or plates to bring 
about a finely divided state, after which it is allowed to stand 
to separate the aqueous liquid or is treated by any other suitable 
process to attain this end. If hot water at a temperature 
between 100° to 212^ Fahr. is! employed then a volume twice that 
of the tar is taken, apd if dilute acid is used, a volume one-half 
that of the tar'’will suffice. Sulphuric or hydrochloric acid of 5 
per cent, strength is recommended. 
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CREOS*OTE 

Variali >11 in s])C‘:irir j^nivity, (lislillinj' ranfj[o, . — W'clls’ oil -fiu'l oil — 

slu'Op (lip tTcosoto -t'rt'osoto lor tli(' manufacture of grc'ascs- c'rc'osotc* 
for file manufacture of black varnisli ci^'osote for timber jneserva- 
tiun r(‘<pin enu nti ol sevi'ral speeilit ations — creosote for the l)enzol 
lerovery juoeess stoia,t»(‘ of creosote — *’olatili 1 y ol ti'eosote. 

The u'mt creosote is used very broadly in tlie comniercial 
w(-)rld, and under it arc' often included oil-^:>;as tar creosote, woofj- 
tar creosote, cok(‘-oven creosote', blast- furnace' oil creosote, and 
several others. In tliis cliapte'r it^is intendeS loMeal with coal 
tar cre'eisotc einly. 

('oal tar creosote* as put on the market varie's within fairly 
wide’ hniit*^ as regards spe'e'ific gravit^b content of ])henols and 
napiit!i:ilen(' ain' distilling range. The gravity may vary bc- 
twe'e'n t.oqo and 1.071). (kcasionally samples are met with a 
little lowe'f in gravity, and sometimes higher. With reference 
to the jiercentage of tar acids, creosote's are sold ceintaining but a 
mere tiare up to about 25 ])e'r cent., and vith regard to tfie per- 
centage ol naphthalene, this varies ve'iy considerably, some 
creosotes e'eiiitaining .30 ])er cent, and eve'n more, others but mere 
traces. vSonie idea of the* variatiem in distilling range will be 
ol .ained by leferring to Table XX. 

lAltLP. XX 


iTom drop to 200' 

I From drop to 250" C. 

From drop to joo® C. 

Residue. 

IVr cfiil. 

1 

Pei cent 

Per cent. 

Per cent. 

j 0 to iG 

i 25 to 75 

1 

63 to 85 * 

_J 

5 to 35 

• 


Creosotes as obtained direct from ce^al tar by distillation 
differ somewhat according to the quality of the tai, and more 
often than not are put through a special treatment, i.e., removing 
3 certain portion of the tar acids or naphtlialene or submitting 
to a redistillation, before placing on the markd^. More fre- 
quently, ow'ing to the fact that most buyers require creosote to 
answer their own sfiecification, blends of various grades have 
to be made. A creosote required foi\burning, say, in a Wells 
lamp must be quite free from dirt and naphthalene. As a 



COAL TAR DISTILLATION 

nwtl(‘r (if fuel it slidiiUi <i(>t (L'liosit “ suits ’’ (or nuphthalene) 
u }1 tmporuturc of 40“ I'ah-'- -fter eN4..s.>rc to that tomperature 
for six hours. Tlie awraxo siHTjhc gravity foi crcaisote for 
this purpose is i.oso-i.oho at ho" hahr., ami it shoukl not contain 
more than a Jier cent, of water vihen tested by dishdation. 

Creosote 'tiil if iiroperly preiiarecl makes a faiily good fue 
oil when compared with iietroleum fuel oils smeh as American 
residuum, Russian ostatki. and shale oil. Much care must, 
however- he employed in the pre|)aration, otherwise tumbles 
will resu t when it cot, res to be burned. It is neeefisary to use a 
Teavv creosote or. better still, an anthracene oil for fu<’l 
and it must be tree from any kind of solid mattei, such as th. 
ol an earthy, carbonaceous or lihrous nature, and also from 
naphthalene or anthracene salts. All these 'V' , ' 

the orifices of the noz/.les of the burners, atid naphth.ik ne or 
anthmceiie salts will also choke up the supply P'P“ 
viTcatlu^r It has rtlso hwn lound that these salts lorm 
a crust round the. mouths of the burners, hiiel oil 
deposit any naphthalene ou anthracuie salts when co d to 
0" C and kept at that temperature for 24 liours. It must be 
quite tree from water, as the presi-nce ot this material wdl F‘>b- 
ahlv c.ause the Hame to go out and if tins is ^ 

disastrous explosion may take place in J 

the oil spray ainl air forming an e.vidosivc ‘ y 

than o s per rent, of water, determtned by distilhitioii, slioulcl 
be allowed. The flash ,>oint must not be low, the mtmmum 
being 150" C. Abel’s close test. Creosote wtll if properly pi c- 
pared, test above 210" C. Abel’s close test. ^ 1 '™;;" { 

if burned with care in regard to an siqip y, will ., 

results and smoke troubles need not l.ic leared. 
power of this type of fuel oil \-anos more or less betwicu ib.200 
anliy.FO Ih-itish thermal units per lb. For purposes of com- 
parison the figures given m table XXI will prove of use. 


Kind of Ihu I f)il. 


Heavy tar oil 
Blast -f urn oil 
American residuum 
Russian ostatki 
Shale oil , 


TAPrLF. XXI 


specific 

(ii.ivity. 


' 1.084 ■ 

I 0.979 : 

■ 0.880 I 

o.()50 ' 

0.H75 I 


Flash 
Poml 
“ 1 -. 


218 

20O 

35 U 

308 

288 


Calonfie 

value by I 

bomb. 

per 

lb. 

Calorics. 

B.Th.U. 

8,9T0 

16,050 


16,080 

10,904 

19,627 

10,800 

19,440 

10,120 

18,217 


Actual 
Evapora- 
tive i’owfir 
in Practice 
from and 
at 212° F. 
lbs. 


12.0 

15.0 

14.8 

13 .« 
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m 

Cn'osoto ails intcndcul for tlio ,n<iini/;icturc of slicep 
and disinfectant fluids mus^ hv specially prcpaicd if tlir host 
results J*re' desired. f)in' of 4lie chief points to bear in mind is 
the re'iueival e)f na])litluden(' “ salts.” The precu*nce of this 
snbstanea: luu» a very dedeteriems effect on the emulsifying 
power of the finishecl dip or disinfectant. It is* one of the 
causes of “ falling heavy,” i.c., on addition to water, falling 
through the water to the bottom^of the vessel instead of spread- 
ing in the form of white clouds. Naphthalene ” salts ” should 
be separated .Very carefully by allowing fne creosote^ to stand a 
considerable time during the cold weather or, far better still, by 
refrig(Tation Some of the creosote dils obtained from the 
najihthaleiK* jdant prove usidul in this respind. 

All creosote's intended for the iTurpose' now under con- 
sideration must contain a certain percentage of tar acids, this 
varying according to the requirements of the buyer. Some 
buyers require g per cent., others 5. 10, 15, 20 per cent, or mord. 
It 'should be mentioned that redistilled cn^j^ot^* is the most 
suitable for sheep dip and disinfeiT^anl manutactun'. Another 
matter for considc'ration is the specific gravity of the creosote. 
Tlu! best results are obtained, as a general rule, if the oils are 
of a siiecilic gnivify approaching that of water. This means 
that the lighter th(‘ spc'cific gravity of the creosote the better 
the emulsifving pinver of the fluid, other thirlgs being equal. 
Natundiy, it is not always ])ossible to obtain a coal tar creosote 
of a specific gravity oi t.ooo and in any case never in large 
quantiiies, but it is possible to make a blend of a creosote, say, 
of specific gi.ivity 1.055 or even of a higher or lower gravity 
with a fairly high distilling petroleum, say. of a s})ecific gravity 
be^vt'eii o.So(' and 0.820. Th(‘ specific gravity of the finished 
di.sinf('Ctont fluid or slice]) di]) will, of course, be greater than 
thyt of water, but it must be remembered that the soap used 
in the preparation ” dissolves ” in the watei, to which the fluid 
is added prior 1. - being used, while the oils do not. The function 
of tlie soap in the fluid is to form a colloidal solution with water 
which wdl emulsify the oily portion of the disinfectant and keep 
it suspended in a very finely divided state. Other things being 
equal the finer the stale of the (‘mulsion the more efjjcicrrt 
is the action of the disinfectant fluid. , 

In the manufacture of the cheaper fluids rosin soap is used 
alone bm in the higher quality disirtfectants a mixture of rosin 
soap with a vegetable oil soap, or a vegeta^ile oil soap alone, is 
employed. The chief vegetable oils employed aie Castor oil and 
linseed oil, or their fatty acids. It must be remembered that 
excess of caustic alkftli( caustic soda or potash) is to be avoided ; 
it spoils the ” falling ” and emulsifying properties of the fluid 
and reduces the activity of the disinfectant by combining with 
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IIr' t:ir arids or plirnMs.* In making a fluid llie‘ wisest plan is 
to let, tile works chemist calculate approximately the amount 
of caustic lye required for each/ pan charge and to employ 
a man to manufacture the fluid who jiossesses some knowledge 
of soap making. ' 

Tliere aA' numerous formula? used for the manufacture 
of disinfectant fluids, each manufacturer using those which 
best fit in with ids idi'as or thrtse of his customers. As a guide 
to the studiMit, how(*ver, the following ])articulars may be 
nselul. 

Disinjeclant fluid, 

^ Pci (-out. 


Rosin ........ 2() 

Jdght creosote, sp. gr. 'u.oz.S, ap])ro\. tar acids bi 
Petroleum, sp. gr. 0.S15 . . . . 3 

Caustic soda . . . . . . 2.5 

" Wati'r 7.5 


With refei! .'iici.- to the various high coefficii'iit disinfectant 
fluids nowon tlie market, these are generally made in works other 
than tar disliilerii's, and contain as their child ingredients blast- 
turnace oil tar ai ids specially distilled and blast-furnace creosote. 

Sometimes creosote is usial in the manufacture of chea]) 
lubricating greasi's for colliiMW trui'ks and bogii's. Tin* oil for 
this pur])ose mhst bi* of the heavy type, and tlu' one most fre- 
qiu'iitly used is tluit known as strained oil or “ dead ” oil. This 
oil has been referred to already in Chajiti'r XV, jiage 1S7, and is 
obtained during the manufacture of crude anthracene. The 
specific gimvity varies somewhat ; an oil testing 1.060 at 60'^ 
Fahr. is ireiiuently used. These greases are pnqiared by adding 
rosin oil and slaked lim(‘ to the green oil. Usually the com- 
position varies bidwinui (Sti to 88 jier cent, of heavy oil, 4 to 7 
per cent, of rosin oil, and 4.] to bj ])er cent, of slaked lime, the re- 
mainder bi'ing water. In the brick industry creosote* sometimes 
finds ap])lication under the name of brick oil. For this purpose 
it should possess a specific gravity between 1.060 and 1.070 
and be quite free from “ salts.” 

A suitjdfle (Teosote for the manufacture of black varnish 
(usually a mixture of coal tar pitch, (Teosote and heavy naphtha, 
or of coal tar pitch, w.ater gas ]>itch, creosote and heavy naphtha) 
mu?>t be fr(‘e from an excess of naphthalene or anthracene salts, 
contain not more than 2 per cent, of water determined by dis- 
tillation, and of a. specific gravity between 1.050 and 1.065. 
A usual plaiAis to employ the higher gravity oils for slow drying 
black varnishes in which more flexibility in the film of dried 
varnish is desired, using perhaps a gooePproportion of water 
gas pitch in the composition. In the writer’s experience, 
however, it has beim found that all films made of the pitches 
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and bitumens (wliellier liciivy rroosi/te or light crensoti' lias 
been used) become very briUle in a short space ol time, ])y.rtic.u- 
larly those films macie Tom «a varnish in wliich water gas pitch 
has been used. This result is due not only to the original some- 
what brittle luftiire of the ])itch of bitunu'u, but also to the action 
of sunlight and diftused light, which seems to bring a*l')out (dianges 
in tlie nature of the. material, ])robably by auto-oxidation. 

As a wood j)reservativ(‘ creosote oil is, wiihout doubt, the 
finest material ('Xtant, and more of it is us(‘(l for tlu' preservation 
of railway .det jiers and other timlxT in ronnection with railway 
work, and also timb(‘r used in telegra])li installations, than in 
any other direction. It may be addeil lu're that tlu* Ihiited 
State's of America an' the largest coysumeis of this matc'iial, 
using upwards of iO(S, 000,000 gallons jier annum. Targe' 
quantities are', eif e'emise', siqijdieel tei the' British anel Contine'iital 
railway conqianie's by manufacturers in this exuintry, in aeldition 
to e'xpeirting very exmside'rable' eiuantities tei Bie States. All 
this cre'eisote' sold .iccoreling to s])e'eification,*e u'h buyer liaving 
his own. This will eil cemrse' ne*cessitafc in many cases carelul 
mixing of se'veral grade's of oil, and eve-n the re'inoval ol a certain 
amount of tar acids and sennetimc's the wheile efi the luqihthalene. 
In either ca'-es it is often necessary tei add najihthalene befeire 
the creosote will answem the requireme'uts of a cc-rtain spe'cifi- 
^cation. In eireler tei give some idea eif the variefus re'quireme'nts 
of specifie;ations, se've'ial are given in Table' XXI 1 , and tliiee otlu'r 
specifications ieir cix'osote; such as use'd on seime Anu'i'ican 
railroaels are given in Table XXllI. 

It is not e'onvenient to discuss here' whether a creosote: con- 
taining a high percentage of naphthalene' and tar acids or one- 
C( ataiiiing a small quantity of tar acids and no naiihrhalene will 
give tilt best results as a woeid preservative. According tei 
many investigators excellent results have Ix'en obtained with 
both kinds, and at jiresent the matter will have to be left at that 
so far as this book is conceriu'd. Tests tei prove tlic' efficiency 
of a cre'osotf' tor railway worl take a number ot years, and weather 
and soil conditions, etc., will influence the rc'sults in a variety 
of ways. * 

In the important process of stripping gas of its lic'nzcTl, 
creosote has found a use, and it is probable that as time goes on 
the quantity required for tliis purpose will increase. The 
quality of the creosote destined for this purpose must recc'ive 
careful consideration, especially in connection with the content 
of water and salts. Not more than traces of wtfter should be 
allowed, and if the best results are desiretj there should be an 
entire freedom from naphthalene or anthracene salts. In regard 
to the specific gravity, this varies according to conditions laid 
down by different users, the variations being between i.oi and 
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1.050. Tho distilling oi'ailffo x'nrios for a similar reason. Some 
users prefer a creosote of a s])ecilic gVavity between i.oi and 1.02, 


Spccitii' 

(iiavity. 


W.itci I‘1 io]k>K 


T.\BL1<: XXI I 

N.ijilith.ilnii-. 


I d be 
li<Hinl .it 


a I t 050 -T ot)<* ^ ])i“r 

I tent. 


b I 1 o.|() at 

zf C. 


z ])(*r 

CL'IVt. 


To*» Cl j ">(> i»'r cent 
cent, j atis^^C 

.S |H'i 1 Not stated 
:ent 


' c i T 040-1 030 ^ por 

1 ati3 3‘^t' tom 


\d \ 1 o<jo at 
20" (' 


2 pel 
cent 


1.0 p) at 

Not st.ited 3 })<“i 
cent 


3 per 
cent. 


1-12 
pi-r 
c ent 

Not 

stated 

Do. 

J>() 


I 000-1 030 2 per 

at 15 3'' C. cent 


iS per 
c cut 
in in. 


Not less 
than 20 , 
pel cent at' 

• 5 .3 '^ ^ 

No| stated 


J)o. 

J)o 


Nil 


pS” c 

12 ^' c 


Not 

stated 


23" C' 

1.3 .3" 
C 

o'’ (' 


Appar- 

atus, 


Kcsidu’e above Retort 
D.3" 231 

per cent. 

Below 313" C. ! Wiirtz 
Not inori' | tlask 
than 73 pci 1 
I cut I 

Not stated i - 


Bi'low 313" C i Not 
Not more than stated 
(io ])er cent I 
Above ziio"^ C I 
2 3i)erient. 1 
No distillate^ j 
below 200'^ C I 
Notinorethani 
70 |>er c(’nt. ' 
at '2So“ (' ' 

Not less than I 
30 ]U'r ( ent 1 
at 2<)3" (' ! 

Not le.ss than I 
80 per cent. 1 
at 313° C. I 


Do. 

Do. 


Do. 


TABLE XX n I 

! Distilktion. 

J I Sp. nr. at Liquid At 1 

Grade. q 200'’ C. 210'’ C. 235° C. 


.355° C. 


W.iter. 


No. I 

1 

At least 
1.03 

; 38'" C. Nwne 
! Ik'Iow 

1 : 

Not over 1 Not over 
3% belo-w 1 25% below 

1 

Above, if Notover 
exceeding ' 3% 

3 '’,y must be 
, solt. 

No. 2 

Do. 

'38" C Do. 

Not over ' Not over 
8"'^ below J 33';,', below 

j Do. 

,0/ 

J ,0 

No. 3 

Do. 

38" C. Do. 

Not over 1 Not over 
10% below , 40” 0 below 

Do. 

' 3 "0 

1 



CREOSOTE. 


•i.o ;)5 
2I0‘ to 22(f C. 
250^’ ('. 

]()()" C. 

tnici’S. 


1%0 

which, wliMi'stihniittwl lo a clislilhiljon.iii a retort yields R? 
to 00 per cent, undc'r joo'' y. OtluMs one of a speeilic gravity 
of about i.ops. and '.vb'cli W’Jl not begin to distil below 200 t. 
and yields 70 pvr cent, between this ])Oint and 280 (.., when 
distilled in a Mort. P. D. Wakiishy and H. A. Morfey 1 give 
the following as a representativi' test of a suitable? creosote for 
benzol recovery purposes. 

Distillation portion of test cArrii'd out in a ret 01 1 with llie 
bulb of tlu' thennonK'ter immersed in the^creosote. 

vSp.'t'ific gihvity . 

l)rop])ing point . 

50 per cent, distils over at 

80 

Water content 

On cooling the' distillate obtained Uj) to C. to 45" 
and maintaining this temperature for thirty minutes, the solid 
naphthalene settling out, on being liltt'red and pressed, should 

not amount to more than 7 per cei^t. ^ 1 1 4- +1 

Dr Colman’s specilication of a creosote od suitable loi the 

oil washing of gn.s is as follows - 

Specific gravity at 60'^ hahr. 1.010 to i.o.)o. 

Tar a» ids . . • Immaterial. 

Naphthalene . . . Sh()ul(ldep(>sit ly naphthalene on 

being cooled down to 55 hahr. 

Boiling point . . • Should not boil Ixlow 200^^ (.. 

Distillation . • • Should distil not less than 70 per 

cent . up to 500'' C . nor more than 
f)o per cent. 

For storage of creosote second-hand boileis may be used. 
Very frcciuently large tanks built of iron plates or reinforced 
concrete, as descrilxHi in Chapter II. art* provided for this purpose, 
and it is poli^'v to cover them. A closed steam coil, or coils, 
should alwa>'s l,e placed in the tanks, the diameter of the tubing 
varying between i inch amt 2 inches according to the ^ize ot the- 
storage tank. At convenient points in the suction and delivery 
mains to and from the storage tanks a i-inch steam mlet should 
befitted. This will enable the pumpman to clear the^mams 
with open steam after immping, a most necessary proceeding 
when “ salty ” creoi^ote has been passed through the mams. 

■ The fact that creosote is volatile and that this volatility 
d(*es not depend upon the presence of napljthalene altogether, if 
at all, must be borne in mind when considering rtie ciuestion ot 
storage. A few rough volatility tests carried out by the author 

1 " Some notes on Benzol Recovery and Rectification.” Read before 
Manchester District Institution of Gas Engineers, Oct. 28tli, lyiO. Uas 
World, Rov., p. 410, 
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will illustrate this point,, see Table XXIV. L'laf dishes 6 cm. 
in diameter were emploved, givins^ a surface area ot appro \i- 
matelv 28.25 sq. cm., and the mat-rial was ])laced in the dishes 
to a depth of 0.5 cm. Some' creosote oil was freed from tar 
acids by extraction with caustic soda and naphtha'xene by cliiJhng 
to o" C. and dltration. and the s])ecific gravity of this tri'ated oil 
was I.0J5. A portion of this oil was used in the test in this 
state while to another portion >/as added ter acids and naphtha- 
iene, a^ indicated in Table XX 1 \', befon* submitting to the same 
conditions 'of test. 

'lAJlLK XXIV 


s 1 
1 1 

Creosote free finm t.ir | 
acids .uni iMphthaleue j' 

t ieo..()(e 
Id per tent 
JS pel tent 

(ontaimii).' 
tar .11 ids .uid 
ihiphtli, dene 

1 ( .loiind t .iiidlc 

: 11 ii)littudeiie 

Hours’ ex 

‘ Loss at 

1 fto-fiy J’.ihr. 

i 

1.0-,^ at 
lore ImIii 

Ldss ,i 1 
()d-(is‘’ I'.ihi 

1 dss .It 
too" I>alu. 

1 ..ss .It 

(.o-ti‘i'' I'alii 

J ,()SS ,ll 

lod" I'nlir. 


I’ci cent. ‘ 

1 

iVi cent 

IVi tent 

1 10 

I’er cent 

j Pi r tent 

per lert. 

I 00 

48 


(> 10 



I 0 no 

1 

2 20 

0() 

! 4 (.1 

to JO 

1 

IJ (>o 

1 ^ 



With referenci' to the method'^ of tc'sting. unlortunately 
at the iirestmt day there are no standards, and to a largt' extent 
each chemist uses his own iru'thod lor the determination of one 
or more constants. Some of the tests in use are givem in ( hapter 
Will 

Table' XXV which gives the degrees 'rwaddel. specific 
gravity and gallons })er ton will, no doubt, be found useful 
ior reference when dealing with creosote. 

TABLE XXV 


"I'w. 

Sp. Or. 

('.alls, per ton 

12 

I.OfK) 

211.32 

11 

« 1-055 

212.32 

10 

1.050 


0 

i.d 45 

‘. 2 I 4.33 

8 

1.040 

2 i 5 - 3 f< 

" 7 

i ' 1.035 

210.42 

6 

1.030 

217.46 

5 

1 I.U 25 

1 2 if ..53 

4 

' 1.020 

i 219.60 



niAlTKK XVI II 

(.AS STKH’1*1N('. 

• 

The “ ” piocess j^as stiip])iTi^ by ‘>1 w.isli oil jilani required for 

”.'s '-trippii^;- washers iK'H/ohsed oil -heat e\t ftaiij^ers pre- 

liealers still -eondenser — si'jiaratoi — rrude benzol receivers- - oil 
cooleis deheuzolised oil tank — pumps- jneters ad vaiitaf^es seemed 
by usinL; oil lor }».is strip])in}^ — deserqition of process - kinds ol 
wash oils (dleel ol tai a< kIs in wasli oil etiei t of watei in wash 
oil -how to l<ec']) walei out ol wash oil *-sleani supply to still -theory 
ol extra! tion ol benzenoid hydroearbons from j'as — anioimt ol wasli 
oil in eiroulalion siqqdy ol wash oil to washers reiulion surlai e in 
washers --ti'inperature oi j^as and w.ish oil — thiekenin!^ of wash oil 
debenzolismg wmsh oil — cooling water- spc'ed waish oil should travel 
through still dephlegmatioii to sc'paiate n«])htl^iiene grades of 
crude benzol eoinposition ol cunk' benzei 

Since i()I 4, owing to tlie inrreased tloinaiid for tolueno n'qniied 
for the' luanufacliui' of e'\i)losiv(*s, many gtis companies Imve 
adopted a sysP-m of washing their gas with tai. This system 
is known as the “ C ” process and it results in removing some 
of the benzene and toluene from the gas and, of f'ourse, increasing 
the percentage of tliese materials in the cijal tar. 'J'lu' following 
figures will illustrat(! tliis : Ncjrmal tar from vertical retorts 
(intermittent system) yielded 0.75 gallon of toluol per ton, 
whilst a tar from the; same system after being enqiloyed in the 
'‘(I” process yielded 2.4(1 gallons of toluene ])er ton. Several 
Vvorkers have hnind that the addition of a small quantity of 
powdered limestone to tlu' coal belore carbonisation increases 
the yield of toluene in the tar, especially when used in connection 
with the “ C ” pro(’ess. (k Stevenson^ of the Long Eaton gas- 
works gives tlie following figures, Table XX\T, which illustrate 

d’ABLE XXVT 



Normal 
Carbonisation 
“ C" Washing. 

“1 

Lmicbtom; used 
No. 

' “C’*W.isluiig 

• 

Limestone • 
nsfd^jlus 
“C” W.islung. 

Crude naphthas 

176 c.c. 

J20 C.C.’S 

508 c.c.’s 

Middle oils 

Toluene in tar, lbs 

720 c.c.’s 

850 c.c. ’s 1 

800 c.c.’s 

per ton of coal • 

0.27 

i ^^-*41 

I.OI 


’ Gas World, Jan. 29, I9i(), page 103. 
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this statement. In er.ch* case tlie coals used were low-grade 
Tupton “Derbyshire” seam, the Dt'mperatures used in car- 
bonisalion were tlie same, and tlrj results were not obtained 
at' the expense of either the quality or quantity of the gas. In 
each determination 9000 c.c.’s of tar were taken. *' 

In the “C” process the temperature of botli the gas and 
the tar have an imi)ortant bearing on the amount of benzene 
hydrocarbons taken up by the 'latter ; the liigher the tempera- 
ture the less the amount given iq) by the gas to the tar. 
The tem])er'ature of thAgas at the gas inlet to theVasher should 
be about 65'' Ihdir. and that of the tar inlet about ()o'' Fahr. 
This will mean tliat tht* tar must be cooled as well as the gas, 
and unless the cooled tar is thin like vertical retort tar, more or 
less im:mccessful working* will result. The tar can be cooled 
by passing through a series of pipes which are water cooled by 
allowing cold water to trickle over them. Washers similar to 
those used for the removal of ammonia from gas are quite suit- 
able for the carrying on of the “ (' ” process. 

The amount of tar made 'at the gasworks is not sufficient 
to remove the whole of the benzene hydrocarbons from the 
make of gas, and according to Geoffrey Weyman^ tht* maximum 
efficiency of the “C” process is about 50 per cent., at wliich 
about 0.15 gallon of toluene and 0.9 gallon of benzene are left 
in the gas. * 

A far older and much more efficient and satisfactory process 
is that of gas strijiping by the use of a suitable wash oil. It 
appears that Caro in 1869 was the first worker to use tar oils to 
remove benzenoid hydrocarbons from coal gas. Later, in 1882, 
George E. Davis and Josiah Hardman (‘acli patented a process 
for recovering benzol from gas by the use of tar oils, the former 
working his process in Manchest('r and the latter at Thorncliffe. 
Shortly after this coke oven works’ owners began to consider 
the recovery of the by-products from their coke ovens, and 
much cx])erimental work was done in connection with the re- 
covery of benzol from the gas, based on the ideas of the pioneer 
workers just mentioned. This expeiimental work has resulted 
in the production of some very efficient processes, and at the 
presenj moment (1917) the estimated amount of benzol recovered 
from coke oven gas if^ ajiproximately 38 million gallons per 
annum. 

Recently, owing to the great European crisis, this process 
of stripling gas has, been introduced into gasworks practice, 
and many gas^A^orks, both large and small, are carrying it out 
with every success. It is highly probable, if the adoption be*^ 
comes general, that a yearly production o\ about 55 million 

^ '* The Effect of the War, on Gasworks Practice.” Before North of 
England Gas Managers’ As.sodation. Gas World, May 13, 191 0 , p. 444. 
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£J 3 lions will nsnlt. At tin' outset t4icri^ were fears that the 
stripped i^as would displease tlie consumer and would^ prove 
unsuitable for use iiutln* flat, flame burner, but these fears have 



not been realised. Partly debenzolised gas has proved quite 
suitable as a heating medium and for lighthig purposes, the gross 
B Th U ’s being il*duced only about 4 I per cent., and with 
a modified flat-flame burner it gives^ quite satisfactory results. 
Needless to say, with a gas mantle the result is all that can 
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be clt^sired. Coiiipleloly stripped gas can b(' ('iiriclied by the 
use of carbiiretted water gas, or ]>y,si)raying it witli parafifinoid 
Jiydroearbons. 

'i'lu' ])lanl recjuired for stri])])ing coal gas and debenzolising 
tlie wash oil need not lx* a n)ni;)liea.ted one. Dricfly, it consists 
ol a washer f/r scniblxT, a benzolis('d oil tank, heat exchangers, 
})reheaters, still, condenser, se])arat or, receivers for crude benzol, 
oil coolers, a debenzolised oil tank and the neci'ssary pumps. 
Jvt'ference to bigs. 08. (>0, and fipA will give the reader an idea 
of the arrangement of'this ])lant. ’’ 

With ndert'iice to the kind of washer or sciubber, this may 
be of any ('Hieic'iit tyjie as now enqiloyed in a gasworks for the 
])urposi' ol ammonia n'covery. TIk' ordinary tower scrubber 
tilled with boards, the Livisey washer, the \\alk(n- purilying 
a])paratus with rocking airangenu'ut, and several types of 
rotary scrubb('r have Ixm used witli success. Jn the case of 
the scniblx'r filled with boards it is as well to distribute the wash 
oil at the top /)f t!i(' aptiaratus by means of se\'(‘ral (liirney’s 
jets. Provision must be madt*, say by the use of T jneces and 
plugs, to allow till' jets to be poked through with a win' should 
they become obstructi'd, and it is also necessary to su])i)ly the 
wash oil at a pres.sure sullicient to cause a forcible impinging 
on the discs ol the jets. If this is not done the oil will not Ix' 
s|iraved in an tfhcii'nt mannei. Some works have found it 
an advantage to arrange that the upper hall of the wa.slu'r be 
sujiplied with debenzolised oil and the lower Italf with re- 
circulated partly benzolised oil. In other works two si'jiarate 
washers are employed, one for the debenzolised oil and the other 
for partly benzolised oil, providing for the unwashed gas 
to enter first that waisher supjfiied with the partly benzolised 
oil. As the efficiency of the stripping process depc'iids u])on 
the reaction surface presented by the packing in the scrubber 
and the hnigth of time the gas and wash oil arc in contact, due 
considcrati(jn must be given to these matters and a scrubber 
put in of .sufficient size to deal with the daily make of gas in a 
satisfactory manner. Dealing with o scrubber packed with 
the usual wooden boards, a surface area (reaction surface) of 
between 506 and 550 square feet should be allowed for each 
ton 0^ coal carbonised per diem. These figures correspond 
approximately to 16 cubic feet and 18 cubic feet of tower space 
respectively. In order to "projxTly control the supjdy and 
keep a constant head of wash oil, a feed tank of suitable size 
should be erected above the scrubber. 

The benzolised and debenzolised oil tanks may be of any 
suitable shape and size. Cylindrical tanks made from second- 
hand steam boilers from which the tubes have been drawn 
and the ends blanked will serve this purpose admirably. A 
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manholo must be provided for the purpose of cleaning, etc., and 
also a hole, for the. inlet pipe at the top 01“ the tank and another 
for the outlet jhjie with its centre about 4 inches fn^m the bottom. 

Most bcn/ol reco\Try plants liave heat exchangcTs and steam 
heaters, through whirdi tlie benzolised oil passes before it enters 
the still : others are provided with a preheater only, and there 
are cases in which these pieces of apparatus are dispensed with 
and the benzolised oil flows direct into a fire-heij.ted still. 

Heat exchangers are for the purpose of assisting in the 
cooling of the > debenzolised oil after it >aves the still, ?.nd the 
heating of the l)enzolised oil in its progre.>s towards that piece of 
apparatus. They consist of r’overed cylindrical or other suit- 
ably sha]icd t:inks of cast- or wrought-iroii, into which arc 
jilaced coils of pipe constructed of ebiher cast- or wrought-iron. 
Wrought-iron tanks and coils are suitable only in cases in wdiich 
corrosion is slight, but when it is to be ft'ared that ammonium 
salts such as the chloride are likely to be carried through the 
plant, then it is wise to use cast-iron, as tins metal resists the 
corrosive action of ammonium chloride and ottier ammonium 
salts better than does w'rought-iron. In order to facilitate the 
cleaning out of the tank, say after brushing down the coil, there 
should be [irovided a li-inch or j-inch cock at the bottom ; 
the slurry can then be flushed out through the cock. The 
hoi debenzolised oil jiasses through the tanks and the benzolised 
oil through the coils, the former losing hea'i and th(' latter 
gaining it during this progress. The inlet for the debenzolised 
oil is ])laced at the toj) of the side of tiie tank and the outlet 
near the bottom. The coil inlet and outlet are at the top 
of the lank, and the coil is so arranged that after it enters 
the tank it falls in a straight pie*ce to the bottom and then rises 
in the form of laps until it reaches the outlet. It is unwise to 
make the laps too close together ; a distance of about 3^ inches 
between each laj) must be allowed, and the outside of the coil 
should be not less than 6 inches from the inside of the tank. 

In some plants the hot debenzolised oil circulates through 
the coils of the heat exchangers and the benzolised oil which 
is to be heated through the tanks, and in cases like this it is 
recommended ^ to fit a vapour pijie to the cover aol the tank 
to conduct away any benzol vapours which may be formed to « 
condensing coil, and also to |nit in a baffle chamber to prevent 
any wash oil being carried over intathe condensing coil. 

The object of the preheater is to raise the benzolised oil to 
a temperature just before entering the still at wjiich the maxi- 
mum amount of crude benzol will be removed from the oil, and 
which will prevent# the entanglement of water by the wash oil 
and enable tlTe oil to leave the ^till carrying a minimum quantity of 

* ^ Gas World, Nov. iS, i^iO, p 460. 
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^.ator. ' A prelioator consists of a covered cylindrical, square or 
rectangular tank, confeinmg a steam cod arranged in the form 
of laps In cases in which corrosioA is anticipated the tank and 
coil must be of cast iron for the 'reason just mentioned when 
dealing with heat cxclmngers,^ otherwise the tamk mny be ol 
mild steel and the coil ol wrought-iron steam pipe. Where 
corrosion has to be considered J. A. Wilson ' recommends the 
f()llowiii,£? as a good construction for a preheater. A rectangular 
tank “built up of a few strongly flanged sections, with cast- 
iron U-pi])Qs for the stevAm, these to be free at one ei;d and jointed 
to tlie outside oi the still at the other, the jnpes being coniK'cted 
to eacli oth(T ])V shorhrU-bends, and being tixed horizontallv, 
so that the oil will hav(‘ an iniiiinging action on them in its 
upward flow through the preheater.” This worker advises 
against the use of gilled steam pipes, as they readily collect 
solid matter as it is deposited horn the oil and thus reduce the 
hrating efliciency of the coil. As a deposit of some sort is likely 
to form on any tvpe of steam jiipe it is advisable to arrange' for 
a means (an dasily nanoved .cover, for instance) liy which the 
coil can be brushed down from time to time, and in this con- 
nection it is a good jilaii to lit a i-l-inch or 2-inch ciick to 
the bottom ol the tank, through which the slurry can be re- 
moved. The la])s of the coil should not be too close together ; 
a distance of at least 4 inches being allowi'd between each 
I'Ll) The inlet Sor the beiizolised oil is on tlu' side lU'ar the 
iMittom of the jireheatt'r tank and the' outk't on the ojiposite 
side near thc^ top. It is advisable to lit a vapour jiipe to the 
cover in order that any crude benzol vapours which come off 
from the heated benzolised oil may be conducted to a condenser 
coil It can be so arranged that this vapour pipe leads to the 
condenser coil which is connected to the vapour pipe of the still. 

Where it is intended to adopt lire heating for the purpose 
of distillation a still of the pot type can be used, similar m con- 
struction to that illustrated on page 31, Fig. 12, but without 
the internal steam pipes. It is constructed of wrought-iron or 
'mild steel plates, with a cast-iron swan-neck and yajiour pipe. 
In setting the still there is no need to put in a curtain arch. 

The best kind ol still, and the one used in the larger number 
«jf plants, is of the continuous type, and it consists principally 
of a tower built up df cast-iron. segments or chambers. The 
design of these segments varies a little according to the ideas 
of the makers, but broadly speaking there is a great similarity. 
Each segment with Vhe exception of the lop and bottom ones, 
has a plate cast on it, and each plate is jirovided with one or 

1 “ Some points in the recovery of Benzol.” J. A. Wilson, read before 
the Coke Oven Managers’ Association, Midland Section, bee Gas World. 
Coking Section, Dec. 2, iQiO.'pp. 11-14- 
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two ovorflow'pipcs, and several inlets over wliicli arc placed 
lioods or dispersers. The inlets and overflow pipes an' so 
arranged that a seal of oil remains on each plate. As a flatter 
of fact the illustration of the column on page 134 gives a typical 
idea of the anfingement. The segments, with the exception of 
the top and bottom ones, are a])proximately t foot deep 
and 3 feet () inches to 4 feet in diameter. Hanged, and provided 
with ])erfeetly faeed joints, d'he 4op segment is .simply a sliallow 
dome with an outlet ca,st on the top, in the centre, to which is 
fixed the viip/.'ir pipe. With regard t "’^he bottom segment, 
this is mucli larger than those w'hich compose the greater part 
of the still and there is no ])late cast «)n it. Ajiproximately 
the size is 3 f(*et p inches dei'p. On this segment are cast an 
'outlet for the dc'benzolised oil and aif inlet for the live steam 
su])ply. In soiiK' cases tluTe is a second inlet for the purjiose 
of introducing a steam supjily to a closed steam coil. This 
latter arrangement is cons'd{*red by many workers, and also bf 
the WTiti'r, to be an advantage. TIk' live s.^' iin,is introduced 
into till' still by means of two jel.< or a small open steam coil 
provided with a few perforations. On the third segment from 
the top is cast an inlet to which is connecti'd the benzolised oil 
supply. It should be mentioned here that some stills arc 
provided wath a baffle chamber (wdiich is fitted to the top seg- 
ment) and on the top of which is fixed a vapour^pipe. In cases 
like tliis the inlet for the benzolised oil is cast on the top segment 
of tlu! still proper. The number of segments provided with 
plates varies somewhat according to the make of the still, but 
a good average is twelvcj when the still is not provided with 
an “ outside ” dc'phlegmator. li it is desired to connect a 
dephlegmator to the still then the latter must not be too high, 
i.e. there must not be too many segments in its construction, 
or (dse dephk'gmation will take place where it is not wanted, 
that is in the still. The number of segments in cases like this 
should be about eight. 

The pur})ose of an “ outside " dephlegmator attached to 
the still is to remove much of the naphthalene from the wash 
oil and also to prevent it getting into the crude benzol. This 
excellent idea was advocated strongly by the late Mrtj. Stanley 
Cooper, a clever and much respected workei^ especially in matters 
relating to the coke oven aiid by-products industry. The 
construction of the dephh^mator vaHes according to the ideas 
of the maker or the designer. One type is very similar to that 
illustrat(;d and described on pages 135 and 136. The diameter 
is, however, rather greater, being about 3 feet, and the over all 
length less, varying bttween 4 and 5 feet, and the water tubes are 
not quite so close together. Another type of dephlegmator is*built 
up of several cast-iron segments, each water jacketed and pro- 
o 
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vided with a plate on which are inlets, lioods and overflow pipes. 
The numb{ir of segments containing plates varies, but it is usually 
between live and six. In the tube dephlegmator tlie vapours 
from the still enter at the side, near the top, and the imcondensed 
vapours leave at the side, near, the bottom, but iiH the plate type 
tlu‘ vapours enter the side of the bottom segment and the 
uncondensed ])ortion leaves at the top from an outlet cast in 
the centre of a shallow donv' which is bolted on to the top 
.section. In both types the condensed liipiid, oil containing a 
quantity (T naphthak'ie, leaves at the bottom and is conducted 
away to cooling tanks in which the najdithalene se])arates out. 
It is not wise to place 'the dephlegmator too lar away from the 
still : a distance* of about 4 feet is quite enough. 

Cooling tanks for the purpose of reviving and cooling the 
oil which leaves the dephlegmator, in ordiT that its e.xcess of 
naphthalene may separate out, should be" constructed of 
mild stet'l j'llates and ereeded under cover, but away from any 
source of heat. They should be shallow, say aboiit 2 feet 
deep, and of any suitabk? Ic'jgth and width to suit the volume 
of oil to be dealt with. If a means of refrigeration is already in 
existenct! and an extension can be convc'iiiently made to tliese 
tanks, it will be an advantage, so far as speed and complete 
separation of naphthalene are concerned, to use it. Circulating 
cold water through pipes resting on the bottom of the tanks 
acts fairly wt'll in the summer time. 

The condenser attached to the still consists of a lengtli of 
wrought-iron tubing or several lengths of cast-iron pipe arranged 
in the form of a number of laps and j)laced in a cylindrical, 
square or rectangular tank according to convenience. Con- 
denser tanks and coils have already been dealt with on pages 50 
and 51. 

A description of a suitable separator or divider will be found 
on page 5J. 

As a receiver for the crude benzol a cylindrical, square or 
rectangular tank constructed of mild steel plates can be used, 
according to convenience. It must be a covered tank, the 
joints of which should be double riveted and well caulked. On 
the top of' the tank is a manhole with a tight-fitting lid, a hole, 
say ik inches, for the inlet pipe and a J-inch hole which acts 
as an air vent and which can also be used for dipping purposes. 
A 2-inch outlet pipe is fitted on the side of the tank with its 
centre about 3 inches from the bottom, and it is as well to fit a 
li-inch drain cock bn the bottom of the receiver. This will be 
found useful for cleaning purposes. 

Oil coolers vary '.somewhat in construction. In some plants 
they' consist of a number of flanged cast-iron pipes, placed 
horizontally, and connected with U bends, and arranged in 
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tiers of six or more, or on tli'" flat in a tan!*. In tlie case of llie 
former arran^mmtail the bottynn tier of japes is suspended in a 
tank, generally const rncted of concrete, and all tlie pijx's are 
water cooled, the upper* tiers by means of water sprays or water 
trickling over tnem and the bottom la\-cr by the wat(T in the 
tank, which must, oi course, b(‘ ke])t on the moV(\ In the latter 
arrangement the pi])es an' totally immersed in water, of which 
there must be a jdeiiliful supiil^^ passing through tlu' tank. 
With rcfer('nc(' to the area of cooling surf ic-^, see- jxige J2i. 

Sometimes •the cooh'r is constructed'm a similai manner 
to an ordinary still ('ondenser and i)laced in an iiright position, 
or else it consists of a number ol tubes^swelled into two tube 
plates and fitted into a cylindrical iron yssel, the whoh' arrange- 
mi'iit b('ing jilaci'd in a v(‘rtical or horizontnl position. 

Pum])s may !-«■ of any n'piitabh' make, citln'r of tlx' nim or 
centriiugal tv]>e. So far as c-Hiciency is concerm-d the latter 
ty])e of })nmp is the better to use, and as Ihev ar<' designed tor* 
high lifts, from 25 f('('t to 50 led or (‘vc'ii m<^t, ^here need be 
no fear on this score, A sjiecial ty])e of rotary jmmp suitable 
for dealing with wash oil is now on the maiket. It is capable 
of jmmping oil at a temjieraturt' of 120" ('. and can be used with 
a suction lift of up to 8 feet. This jmiu]) is made by the l^oots 
Company of Comiellsville and according to the makers 75 to 85 
per cent, of the power aiijilied to the opiaating sltaft is absorbed 
in doing uselul work. 

It is a wise j)lan to provide a means by which the supply 
of debenzolised wash oil to the scrubbii' and also the supply 
of benzolised oil to th(' still can be controlled. This can be 
done by the use ol a meter and a cix'k provided with a (juadrant, 
feeding by gravity from a tank in either case. A gauze sieve 
must be jilaced befoie the inlet to the meter for the 
purpose of keeping back jiarticles of solid matter, and tlu' 
sieve should receive regular inspection to see that this material 
is removed from it. With reference to the meter, a certain 
amount of trouble may arise in regard to coriosion, but there 
is no doubt that with proper representation makers will be 
induced to construct meters of a specially resistant miital. 

The plant used in working up crude benzol, and that.ern-' 
})loyed in making rectified benzol and toluol, has already Ix'cn 
described in Chap. IX, and tfle rec^der is referred to it for 
information on this .subject. 

There are several advantages secured by u.sing oil instead 
of tar to recover the lower benzenoid hydrocarbons from coal 
gas. The chief of these are : — , 

I. VariatioiT in atmospheric temperature does not seriously 
affect the efficiency of the process ; during the winter months 
the oil does not thicken up like tar. 
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2 . Tlie stripping ff Wic gas can lie carried onJ to completion 
or pi^rtially, as desired. 

If the process is properly worked iviphthalene is removed 
from tlie gas in a veny eflicient manner.” ^ 

Tlie hen/.ol n'covery imx'Vss is a continuous out', tlie wasJi 
oil first ])assing through the scrubbers and from lliesi' to the 
benzohsed oil tank, thence onward thi'ougli tlie heat exchangers 
and superheater to the still.' In tlu' still the lienzolised oil is 
relieved of its crude bi'iizol, and then it jiasses through the heat 
exchangers and from these to the air coolers aiitl finally to the 
debenzolisi'd‘()i] tank. From this receptacle it is, pumped to 
the first scrubber and from this jiieci? of ajiiiaratus the whole 
process is repeated, ^le wash oil continues in circulation 
until it becomes “ syieiit ” oil, which is thickiT and its specific 
gravity and distilling range higher than that of the original 
“ fresh ” oil. It is tlien n'placed by a fresh su])ply, or else a 
Certain percentage of the wash oil is lemoved from circulation 
at regular iiiK'rvdis. 

The quality of the wasli oil ])lays an important jiart in the 
efficiency of working and should receive due con^idt'rafion. 
Several kinds ot oil liave been sugga'stc'd as suitable ioi use in 
the stripyiiug ol gas, the chief of which are : - 

‘ Moderately light creosote oil. 

Heavy creosote oil. 

Strained anthracene oil (grei'ii oil). 

Petroleum distillate (gas oil). 

Shale oil distillate. 

Blast-furnace oil. 

Although the shale oil distillate and jietroleum distillate 
(gas oil) possess good benzene and toluene absorbing ])owers they 
have not leceived general accejitance, chiefly on account of the 
risk there is of obtaining a crude benzol containing paralfinoid 
bodies. A crude benzol containing these bodies is not so valu- 
abl^^ on the market on account of the difficulty, and in some cases 
almost impossibility, in separating the paraftmoid hydrocarbons 
■'froiv the rectified products. The fact that gas oil is free from 
naphthalene and is* an excellent solvent for tliis substance is 
certainly in its favour. At the'' time of writing it is being used 
at S(Hne works with good results, but it is undoubtedly a well 
chosen oil. If a i)etroleum distillate which on distillation yields 
nothing below say 170 ^^ C. is employed the risk of obtaining 
rectified products containing paralfinoid bodies is much reduced, 
and with careful working up of the cruHe benzol satisfactory 
results may be obtained. When, however, oils of a different' 
class {e.fn. creosote oils) wliich introduce no risks of this kind 
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can be easily eecun d, then it is wise to use them and trf avoid* 
paraffin oils. * * 

In regard to the cr^osi^es and strained anthracent oil, 
these materials seem tb^be in greatest favour and are used very 
largely, particidarly tiu' heavy creosote. It appears that a coal 
tar creosote boiling betwe(*ii' 220^ and 2()5'-’ C. exl/acts benzol 
and toluol from coal gas better tiuiii the lieavier coal tar dis- 
tillates, luit this is not the only factor in the case. Consideration 
must be given to the amount of wash oil (creosote) which will 
come u'Tr wiljv the crudi* benzol during ♦khe debenzijising jiro- 
ccss. Using a creosote with a low disiillmg range will result 
in a larger* amount of its lower lx)ilinf^])oint compounds dis- 
tilling ovi'i' with the crude bi'nzol than if a creosote oi a higher 
distilling range* be employed. In thi;* respect it is an advan- 
tage to use one ])ossessing a distilling range, say, between 250° 
and g25'' C., altlRuigli the benzol-toluol absorbing power is not 
quite so great. However, a creosote of this distilling rangf 
has one disadvantage, and that is its rathci hjgli viscosity when 
compared with lighter fractions. This re.ailts in father a lower 
efhch'ncy in regard to it" stripping ]K)wers, especially during 
the cold weather, and it also lendi rs the oil a little more difficult 
to cool alter leaving the still. Hearing all tlu'se facts in mind, 
and w'ltli a desire to secun* ns high an efficiency as possible, 
it is Ix'st to use a creosote with a medium disti^hng range and to 
employ car(*fiil dejilileginntion to separate Irom fhe crude benzol, 
immediately it leaves the still, ns much ns possible of the wash 
oil which is carried over. One of the best specifications of 
a creosoti' loi gas stri]i])ing which has come to the writer’s 
notice is that given by Walmsley and Morfey. 'Ihis has been 
referred to in Chap. XVII, page' 190, but for the sake of con- 
venience the distilling range is given here. It is ■ 

Dro])i)ing point .... 2io"-220® C. 

50 per cent, distils over at . . 250'^ C. 

80 „ „ „ . . 30^" c. 

• 

Although the distilling range ol strained oil (green oil) is 
high it is not so suitable as lii'avy creosote on account of its 
high viscosity and its low benzol-toluol absorbing property.^ 
A strained oil having a specific gravity o^ i.ioo, on distillation 
in a Wurtz flash, the thermometer being in the vapour, bulb 
opposite the outlet, showed - 

up to 220'’ C. . . . • * 9 pei*cent. 

^ „ 240“ (' 14 M 

•„ . . . . *18 ,. 

„ 280“ C 28 „ 

,, 300" C. . . . • , 40 ,, 
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Fiirilu'r spi'cificatioiis of creosotes used in llierprocess of gas 
stripping are as folloV.'s 


(a) ^ Specitic gravity at bo" jhihr. 

. 1 .040 

Tnr ac'ids . -f,- 

8 ‘per cent 

Distilling u]) to 200" C. . 

0 

220'’ C. 

. 20 

„ 2.|0'C. .. 

35 ’> 

,, ,, 2f)0-’ ('. 

• b 5 

,r .. ,, 

• 75 ' '• M 

,. • .. .)00'' ('. 

. 

(6) “ Specilic gravity 

• i-<k ’.7 

Naphtliah'iu' 

2i.b per ci'iit. 

Helow 2oo'' ('. ... 

0-5 

,, 220" ('. 

ib .5 

,, 240'-’ C. 

4^)-5 

,, 2(>o'' F. 

()T.O 

,, 2(So" ('. . ’ . 

70.0 

,, dock ('. 

7H.O 


It will be o])s(M-ved that in the last sp(‘citication the content 
of naplithaleiK' is high, ])articnlarly for a wash oil. Tlu' na])htha- 
h'lie trouble is the gasworks managers’ “ nightman',” and any 
means by which this trouble' can be reduced is always welcome. 
In the process ol stri])ping gas th(‘ contc'iit ol naj)hthalene, 
in the gas is usually reducc'il by the solvc'iit action of the wash 
oil, but if a wash oil is employed which contains a,n excess of 
naphthah'iie the opjiositc' result will, in all jirobability, be ob- 
taint'd, ))articularly if the jieicentage of naphthalene in the gas, 
before washing, is low. It is desirable on this account to begin 
with a tresh wash oil practically free from naphthalene and to 
see to it that that which is jHcked uj) from the gas is removed 
during the debenzolising process by dephlegmation, or else 
allowed to crystallisi' out of the debenzolised oil by chilling 
' and settling in suitable tanks. 

That washing the gas with oil removes much of the naphtha' 
lene should be a strong recommendation to gas I'ligineers to 
' iiistak a stripping plant, but in doing so they must not lose 
sight of the fact tliat''the wash oil removes from the ps much 
of the material (benzene, toluene and xylene) which holds 
naphthalene in suspension, and that any naphthalene which still 
remains in t|.ie gas ‘may deposit sonu'where and cause trouble. 
This may be prevented by spraying into the gas (after it has' 

^ The Gas: Chemists' Summary, 1015, p. 82. ^ / 

‘ Effort of the War on Gasworks Practice.” J. Weyrnan, M.Sc. See 
Gas World, May 13, 191O, p, 445. 
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been stripped) a suitable solvent by one of the well-kno^\1l 
processes, and by doing this tJie gas will al^o be enriclied. 

At the pr(?sent time (iQi^) blast-furnace creosote is receiving 
attention in coimc'ctic^i with* its suitability as a gas stripping 
material. It j^ossesses the followjng advantages ; 

1. Tlie naphthalene content is practically nil. * 

2. It is a good solvent for benzenoid hydrocarbons. 

3. It is an excellent solvent* for naphthalene, much better 
than coal tar creosotes. 

4. It has X high distilling range. 'nA(*is one dis?idvantage, 
and tliat iji during the cold weatluT it is liable to become more 
viscid than a suitable coal tar creosoti^ with the results men- 
tioned on jiage 2TJ. 

Unfortunately, the volume prodiu'ed annually is much less 
than that of coij tar creosote, and this limits its use. It can, 
however, be mixed with the coal tar product witli advantage. 
Owing to the high gt'rmicidal value ol the tar ai'ids containc^l 
in blast-furnace creosote it is much sought aFfer by disinfectant 
manufacturers, who extract all or most of the tar a,cids, and who 
are geiUM'ally in a position to sujiply the extraded oil in a con- 
dition ('ininently suitable for gas stri])])ing. A s])ecification of 
a blast-furn.ice oil is given by Geoflrey 'VVAyinan,'* which is as 
folhnvs : 


Specific gravity 
Naphthah'iu' 
Pelow 220" C. 

.. 22(U C. 

„ 240" C. 

„ 2()0“ C. 

,, 280'’' C. 

„ 300“ c. 


o-<)5^ 

trace 

4 ])er cent. 
7 - 

^4 - 

40 

.58 

7^ - 


Some ])articulars of blast-furn; 


Is which are at present 


being used for gas stri])ping are given in Table XXVH 


TABLE XXVII 


Per cent, up to 


* at 

, 15" c. 

Ac ids 
JUT cent. 

percent. 

’o" C. 

34 ‘>" C. 

2(Kf C. 

aKo" C. 

• 

C. ' 

340° c. j 

^>0° c. 

1 0 yOl 

50 j 


3 

• 

7 

• 

20 

4.3 

55 

80 

8y 

0 9()o 1 

4 b 

trace 

3 

8 

1 23 

12* 

3 '^ • 

i 7 b 

1 

86 

0.961 


e -5 1 

L h 

2 

6 

21 

44 , 

62 

1 

1 

89 

" 


^ “ Effect of the War on Gasworks Practiye.” See Gas World, May 13, 
iQib, p. 445. 
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The point as to wlicLier it is an advantage fo use a wash 
oil containing tar acifls or not remains as yet unsettled. It is 
an established fact that tar aeidit are excc'llent solvents for 
naphthalene, whik‘ coal-tar Iiydrd’carlx)n,s an' very poor in this 
respect. This fact alone seeijis to decide in f^ivoiir of using 
wash oils of «.the coal-tar creosote ty])e which coniain tar acids. 
These remarks do not a})ply to l)last-fiirnace oil (tar acid free) 
as the hydrocarbons contained in it are ('xcelh'iit na]dithalene 
solvents. To illustrati' these facts the writer gives the following 
figures, Tar!)le XX\^| 1 L obtained by him some ti.me ago under 
strictly comparable conditions. In the table ihe solvent power 
of tar acids extract ('d fn)m coal tar creosote' is taken as loo. 

TABLE XXVTTl 

Naplith.ilc'tir 


Matori.\l. ^ solvent 

power 

Coal tar acids from ert'osote . . . loo.o 

Creosote #;il eftntaining 25 jn'r cent, tar acid 26.5 
Creosote oil free from tar acids . . 10.2 

Blast-furna('e oil free from tar acids . 108.9 


The effect of water in the wash oil on its extractive power 
is one which reqihn'S careful considi'ration. Practice has shown 
that as the perc/'ntage of water in a wash oil lises, so does its 
absorptive (or extractive) power (k'crease. h'or instance, an 
oil containing about 3 ])er cent, of water will absorb approxi- 
mately jb per C('nt. less benzenoid hydrocarbons than a water 
free oil, while one containing 7 per cent, will absorb 45 per cent, 
less. When jmrehasing an oil lor gas strip])ing it sln)uld be 
laid down that it must not show more than 0.5 jier cent, of water 
when submitti'd to a distillation test. It must not be h^rgotten 
that there are other channels by which water may get into the 
wash oil. For instance, the gas carries a certain amount of 
water in the form of vapour, which, if the wash oil is at a lower 
•temperature than the gas, will be taken up by it. It is necessary 
on this account to see that the wash oil as it enters the washer 
is at a slightly higher temperature than the gas, say about 2° C. 
Water may also get into the oil during its treatment in the 
* debenzolising still if Dhs piece of apparatus is steam heated. 
As already mentioned, steam heated stills are fitted with “ live " 
as well as closed steam coils, and if the st-eam is wet, that which 
leaves the open steqjn coil will deposit water in the oil, partic- 
ularly if the cfil, as it enters the still, is at too low a temperature. 
To avoid this it is wmi to superheat the steam a little or pass 
it through a water separator before allowing it to enter the still. 
If the benzolised oil is too low in temperature when it enters 
the still it may bring about condensation of the “ live ” steam 
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even when tlfis is sui)pli{‘d in a comparatively dry state. Yo sti^r 
clear of this the temjXTatiire at wliich tlAe benzolised oil enters 
the still and that at whicif the debenzolised oil leaves It must 
be properly controlled. TIk' temperature at botli these points 
should bc^it* least 10“ C. above the boiling point of water, 
being a few degrees lower at the outlet tjian*at the inlet. 
Various tem])eratures have been r(‘commended from time to 
time, but in the opinion of tlu^ writer an inlet temperature of 
1 15'' ('. and an outlet teiu]>erature of iio^" C. will, in most cases, 
give sat i'-f.K 1 jry ri'sults. It must be :A)jne in miwd that the 
higher tlie temperature used in the still, the greater the possi- 
bility of forming decomposition ])rodu<ds in the oil, and thus 
hastening its “.tliickening ” and the shortening of time of service 
of all or i)art of it. Thickening of tlft‘ oil is also brought about 
by the loss of th(' ligditer iiortions durng steam distillation 
in the di'benzorising still, and in some cases by the tar which 
it picks u}> from the gas, wh(*n the gas is not quite tar free. • 

It is convenient at this iioinl to meniitm , again that the 
steam supplii'd to the still should be dry, and, with advantage, 
slightly superheated. That which passes through the closed 
coil, which is litted in some of tlu* debenzolising stills, witl give 
good results it it is at a pressure of bi'tween t>o 11)S. and 80 lbs. 
to the square inch. With regard to tlu' “live’’ steam which 
enters the still vie the perforated coil or steiyn jets, this must 
not be introduced at too high a ]n'essure or some of the un- 
fractionated oil will be blown over with the crude benzf>l. On 
the other hand, steam supplied at too low a pressure will not 
properly fractionate the oil, because as it meets the descending 
oil at each plate its temperature and pressure fall until finally 
it reaclu's a stage, near the top ])lates, at which it cannot suffi- 
ciently agitate and h(‘at the oil nor “ lift ” the crudi' benzol 
vapours to th(! vapour pipe. Further, steam at very low jiressures, 
unless superlicated near the still, is very liable to be wet, and 
this, in addition to a fall of pressure due to the expansion in 
the still, will introduce the risk of some water being depositq^l 
in the oil. Steam is Jilways reduced in pressure by throttling 
or wire drawing, and this process takes [)lace when the steam 
passes the control valve and also when it leaves th(* perforations 
in the coil or jets. Hence a supply froni a boiler at a ^^ry lo^ 
pressure would b(' reduced iurther on entering the still, and 
in spite of the fact now to be mentioned it is not an advantage 
in this case. When steam is throttled or wire drawn it is rendered 
less wet than it was originally, and in fact If it is ijot inordinately 
wet it is dned and possibly superheated (this is not the case if 
the pres^ure,is redfleed by L\xpansion). H follows from what has 
been said that steam should be supplied from a boiler forking 
at a good pressure, say between 60 115 s. and 80 lbs. to the square 
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: it must be dry ; ^ind it should (‘titer the V^till immedi- 
ut(‘ly ufler being redfteed in pressure by throttling with the 
contro! valvt' n(‘ar the steam ink't. ’Tliis \;alv(' can be carefully 
o])eii(‘d by the ])laut man and tl/e supply of steam into the 
still n‘gulat(‘d aet'ordmg to t];e flow of (a)nden?;ate Iroin the 
worm end. 

'I'he l)(mzenoid hydiocarbons exist in coal gas in the form 
of vapours, or for all jiractical* purposes in the form of gases ; 
li(|uids when conwrft'tl into vapouis obey all th(' laws of gases. 
In tlu' jtroerss under ^'orsid(‘ration we may consicbi; these bodies 
as indifferent gases when coinpaiTd with the solvents used to 
e\traet tln'in. The rejn'oval of active gases, i.c. those which 
will ri'acf easily with an absorbing nu'dium, is .i simph' matter 
compared with that of thr absorption of indifferent gax's. In 
the former t'ase elK'imi'al absorption can be brought about by 
tlie em])lo\'ment of a suitable' absorbing medium and making 
US'! of the ionic stat(‘, but in the latter (xase, liavmg non- 
('lectrolytes to ^^deali with both in R'gard to the gases and the 
absorbing medmin, it is not possible to tid\(‘ advantage of an 
ionic state', and the jiroec'ss will proceed much more slowly, 
kh'aring in mind tlu* law which govc'rns the solution of gases 
m iKpiids. viz., “given a state* of ecpiilibrium, the* concentration 
of a gas bears a constant relation to that of the solution/’ 
the term eoiK'entration indicating the amount ])resent in a unit 
volumi', we shall In' able, bnellv, to consider tla* theoretical side 
of g.is stripping. Now', the concc'nlratiem of a gas and the 
(pumtity of it w'hich (am lx* dissolved in a liquid are proiiortional 
to the iiressme and, naturally, to the natuie of the substance 
med a,s a solvent. Also, the tempeiatiire of both the solvent 
and the gas wall exert their inlliience. 

In the proct'ss under (Consideration tlu* s(‘paration by absorp- 
tion (d gasc's (vapouis) of a similar nature, i.c. the lower 
benzenoid hydrocarbons, from a Tiiixture of dissimilar gases 
is aJnu'd at, and the following jioints should be boriu* in mind. 
Xiu' unabsorbed gases (va])oars) will carry away with them 
a certain amount of the material us('d as the solvent, this amount 
varying according to the va])our ])ressures. In any case it is 
not, very cOnsiderabh*. it is n(*C(‘ssary to use the counter 
A/rrc///* system of w'ashing ; to (sxpose tlie largest pijssible re- 
action surface in ivgard to the gias and the solvent, together 
with sufficient time of contact ; and to maintain a certain amount 
of agitation of the absorbing licpiid (the wasli oil). The reasons 
are as follows® As tfi(! absorption of the vaixnirs of the ben- 
zenoid hydrocarbons goes on their partial pressure in the gaseous 
mixture becomes less,' and it is therefore neeessaiy, in brd(^r to 
obtain 'the greatest possible absorption to bring the strongest 
solution (partly benzolised oil) into contact wdth fresh or un- 
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washed gas, find f.esli wasli oiJ into contact witJi partially waslft!'d 
gas. Tliis can only be done by using {\\{*coiintcr citrrenl system. 
The larger the reaction sviiace in the washer combinf-d with 
a properly u'gulated ^upply»of wash oil the greater will be the 
surface of contact betw(M'n tlu' gas and the solvent, the hitter 
being sprc'ad out in thin hlms and the former vitdl broken up 
into se])arate currents. Now *the greater the surface of con- 
tact, combined with a reasonable limit of time for action, the 
more f'fhcit'iit will be the' absorption (d the* hydrocarbons by 
the wash oi^^.this elhciency being iuci.-.ased, of course, by the 
ado])tion of the counti'r curn'iit jninciple as just mentioned. Jf 
the wash rtil is agitati^l it is brokim iipiyto drops, and the smaller 
thes(‘ drops tlif gn'ater the surface' of contact. Agitation is also 
necessary in order to assist in the disie'uiination ol the dissobi'd 
gases throughout the wash oil. Agitation is obtained mechani- 
cally, c.g. by tift’ use of tlu' Watker ])urifying ap]iaratus, or by 
force oi gravity, c.g. in tailing from one board to another .^is 
in thc' board-])acki'(l washers. , ^ 

The amount of wash oil m rcinmlation has an imjiortant 
bearing on the ('flicK'ncy of tlu' jilant, and it should be. care- 
tully C('ntrolk‘cl after a decision has bei'ii come' to as-^o the 
bt'St volume to use'. On ])lants in various parts ol the country, 
the amount of wasli oil used vaiies be'tween 55 and 120 gallons 
per ion of coal carbonised. Tlu' volume should differ accord- 
ing to the (legrc'c ol saturation aimed at. anti this in its turn 
(k'pimds upon ihv ellicii'iic^' ol the washer and the time of 
contact betw('en tlie ga,s and tlu' wa.sh oil, .A good averi'ge' is 
between t)5 and 70 gajlons ol wash oil pi'r ton ol ('oal carbonisi'd, 
and the degrc'e of saturation about .p5 ])er cent. 11 it is assumed 
tliai each ton ot coal carbonist'd yic'lds 3 gallons of benzenoid 
hydroc.arbons and a degret' t)l saturation of 4.5 ]X'r cent, is 
aimed at, tlu'ii (17 gallons ol wash oil jjcr ton of coal carbonised 
will be recpiired. On the same assumption, lor a 4 jicr cent, 
saturation 75 gallons of wash oil will be reijiiired, and for a 
3 per cent, saturation lOO gallons of wash oil. In the case c^f 
small works, where necessity reipiiies that the benzolised oil 
be sold or returned to a larger works, Hum a degree of saturation 
as high as () per ci'iit. is ofti'ii aimed at. It is interesting to note 
that experience has shown that below a certain ])()int lhe*smalh% 
the volume of wash oil use^l pe'r ton *of coal carbonised the 
greater is the amount of tohuau'* and its higlu'r homologues 
and the less the amount of benzene removed from the gas. 

The sujiply of wash oil to the washer Should J^e regular and 
at a constant head. If these conditions are varied from the 
correct sitandard f(iund for the plant then there is a risk of the 
gas not being properly stripped or of the wash oil not beifig kept 
up to the required degree of saturation. A diminished head 
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of^iippl^ nuiy result in the boards/or otlier material providing 
the reaction surface, not •being properly covt'ied, mid an in- 
creased'Iiead or snjiply will result in thicker films of wash oil and, 
.therefore, a naluced contact surface 

Reference to the amount of reaction surfaci' required in gas 
stripping is made on page 204. 'Satisfactory results will not be 
obtaiiK'd if the figuri'S there givtai are reduced to any great 
extent— in fact, it would in m^piy cases be advantageous to 
increase tiiem somewhat, say, for instance, to 20 cubic feet of 
tower space per ton of^.coai carbonised ])er day, n'presenting 
approximately (i2() sipiare feet of Reaction surface, if boards are 
used. These and the figures already given (page 204) are only 
approximate, and when a iu‘w ])lant is to be erected tlie ty])e 
of washer to be adopted »'nd also the extent to which tin? gas 
is to be strijqied must be considered. 

One of th(^ most important factors governing the successful 
recovery of tlu' benzene hydrocarbons from gas is that of tem- 
perature. Tlie tenpierature of both the wash oil and the gas 
to be stripped limst be careluliy controlled. It the tem])erature 
of th(' w'asli oil is too low when comjiared with that of tli(‘ gas, 
tlien ii^ere is a risk of naphtlialene being taken up from the 
former (in casi's in which the jiercentage is fairly high) by tlie 
latter, and on the other hand, if the w^ash oil is at too high a 
temperature coiiqiared with that of the gas, then less benzenoid 
hydrocarbons wall be extracted. It is necessary, howawer, for 
the wash oil to bc' at a slightly higher temperature than the 
gas in order to ])revent water being deposited in the oil ; this 
clifferencc should be about 2^" C. (lood results can be obtained 
by keeping the gas at about 18'' C. and the w'ash oil at about 
20'' C. 1 l. W. .Smith ^ recommends that the temjKTatiire of the 
wash oil should not be higher than 22'’ C. in order to secure the 
best working results. 

It may be as well to mention in this ])lace that it is advisable 
to remove the ammonia from the gas befon' ])assing it along 
to the stripping plant, if this is not done then there is, naturally, 
some loss of ammonia due to the deposition of ammonium salts 
in parts of the plant, also there is the risk of increasing the 
corrosion of .some of the units of the plant by certain of the 
iifmmomum salts, for instance ammonium chloride, and the 
reducing of the absorbing power of the wash oil. 

During each cycle tlie volume of the.w'ash oil is reduced 
by a small amount. This is mainly due to the fact that some 
of the lower boiling constituents of the oil are carried over with 
the crude spirit during the debenzolising process. This amount' 
should be replaced each day by fresh wash oil. „ It is also L'.ecessary 
to do this to reduce to a certain extent the “ thickening ’’ of 
^ Sec Gas World, Dec. ib, loiO, p. 5.^1. 
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the oil. Eventually, liow( /er, the joil become? “ thick ” fi.e. 
the specific ^q-avily, viscosity, and drop^jxfint of the oil become 
higher), and its pi^wir (>< abs('rbing benzenoid liydrflcarbons 
is reducc'd. On thi?»aecouht it is ])ut out of commission and 
a IK w lot of wash oil supjJicfl I’i the plant, 'llu' “ thickening ” 
of tht' wasli oil ca*. be stayed for a considerabh' period if a certain 
proportion is removed each w(Ak and replaeod by fresh wash oil. 
In this connection K. W. Smi 4 h^ recommends the removal of 

10 ])er ('('111. of wash oil from circulati.ni per week when using 

50 to 70 gaiJ*>iis ]KT ton of coal carboi Jt is ijdvantageous 

occasioiiLilly to add irc'sh wash oil somewhat lighter in specific 
gravity to the original, but b('lore d(«ng this the debenzolised 
wash oil in fireulation Should be ('xamined in the chemical 
laboratory for its jihysical constants.* 

('are must^K' taken that ^the di'benzolising of tlu' wash 

011 is ])roj)eiiy earried out before returning it to the washers, 
A jiartly debenzolised oil will not absoib the desired amoimt 
of iK’iizenoid hydrocarbons, and on this i«f(oiyrt the efficiency 
of the stri])|)iiig plant will be reduci'd. The oil as it leaves the 
still siioaUl be ('xamined ix'tiodically in tlu' chemical laboratory. 

Another fai’tor upon which the elficiency of a strippilfpt plant 
dejiends i^ au adequate supply of cooling water for the con- 
denser attached to th(‘ debenzolising still (als(t lor the condenser 
of the rectitying still if this is attached to t^e plant), and also 
for -the water condensi'i* through which the debenzolised oil 
passes before entering the storage tanks or receivers. In the 
case of the debenzolising still condenser a flow of about 2 o gallons 
of cooling wat('r for each i gallon of distillate condensed is 
a suitable figure to work upon, and for a rectifying still condenser 
j gallons for each i gallon of distillate', h'or tlie debenzolised 
oil coolers an allowance of say gallons of water per square 
foot of condensing surface ])er hour will pro\'e suitable under 
most circumstances. A useful and usually safe allowance to 
make in calculations connected with condensing surfiiccs for 
this purpose is 1000 H.Th.U.’s per s(]uare foot ])er hour, thgse 
units being carried away by tlu' cooling water. 

When distilling the benzidised oil (t.c. removing the 
benzenoid hydrocarbons) care must be taken tef see that, the 
temperature of the benzolised oil at tjie inlet and thdt of rtie 
debenzolised oil at the outlet are properly controlled. The 
correct temperatures to use and The reasons for their employ- 
ment have already been given on pages 2 t 6 and 217. If the 
number of comjiartments (jr segments in the still is insufficient, 
then the oil under treatment will leave the still too soon and 
consequently will*not be properly debenzolised. This bad result 
will also occur if the design of the plates of the segmentsTs faulty 
‘ See Gas World, Dec. lO, iyi6, p. 5^1. 



222 


COAL DISTILLATION 


or- if oil is passed at var^dng speeds througli *1110 still. A 
constant spec'd must ]\e a/ranged lor. Jf the oil is supplied 
to the still in too great a volume, then a choking of the com- 
])artments will take place (evi'ii wiuMi pr<'p(‘r]y dcsigiU'd over- 
flows are provided), and there is^a lik('liliood of beVizolised wash 
oil l)eing carri‘'d over with the ste.im and crude spirit vapours. 
The most suitable s])eed at which the oil should travel through 
tlu' still oi any individual ]ilant ^an be found by exainimng the 
wash oil, as it leaves the still, lor its cont(*nt of benzenoid 
hydrocarbou,s. WIu'ii this sjx'i'd is found laboi.ilory control 
must not lie di six »n tinned, but a daily ti^st carried out (m a bulk 
sample made up of saupih's eolh’cted by th(‘ ])laiit man say c'very 
two or three hours. Tlu' deben/olised oil as it leavt'S tlie still 
wlien submitted to a distil’*ition test in the clu'inical laboratory 
should not yield more tha.n say 0. j per cent, up to ibo"' C. 

On page 2()<j mention was imhli' ol the use of a dejihlegmalor 
foi the ])uriK)se of facilitating the reinoyal ol much of the 
naphthaU'iie contaiipxl m the debenzolised oil. sonu' ot which 
was possibly in ’the fresh wash oil and much ol which has been 
taken up iroin the gas. The ti'inpi'ratun' at wiinh tiie vapours 
leave t* "' outlet ol the dejihlegmatur must be talaai from time 
to time and ki'pt under control, and although a certain amount of 
latitude can be allowaxl, any variation must be made with an 
object in vii'W’ and not carelessly, h'or instance, tlie tcmiperature 
must be varied according to the “ stnaigth ” at which it is desired 
to })roduc(‘ the ermU' benzol, or the jiercentage ol saturation of the 
benzolised oil. Temperatures between 00'' and )5‘' C. are used with 
good results, but it is wis(‘ lor the managd’ to adjust his owm tem- 
perature according to conditions obtaining in his ]iarticular case, 
if the dephlegmator is used ])ro]H‘rly tlie na])hthalenc trouble 
will be; considerably reduced, if not wholly done away with. 

Various grades of ('ruck* benzol are made on ri*covery plants, 
and some ot these are (>5 ])er cent., 60 per cent, and 55 pe-r cent., 
these' percentages n;])resenting the amount ol distillate which 
comes over u]) to i2o‘'' C. wiien too c.c.’s are distilled in a glass 
report with the thermometer immerse'd in the liquid. 

The composition of the crude benzol wall vary a good deal 
according to the “ strength ” or the percentage' it givers up 
tcmzo"’ €. on distillation ; the (luality of the wash oil used ; the 
degree of saturation of the wash o'i, and so on ; in tact, it is 
questionable wliether two lots will be le>und alike. In a recent 
paper ^ Weyman give's the following figures : benzol, about 
55 per cent. ; te^luol, 9 'per cent. ; solvent naphtha, 10 per cent. ; 
bottoms, 26 per cemt. 

With regard I0 the' distillation of the crude benzol, and the 

1 " The Etlec’t oi the War on Gasworks Practice,” Geoffrey Weyman, 
M.Sc. See Gcii> World, May ij, '191O, p. 444. 
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rectification, th( products' metliocls and ])]ant for doing tl;is 
arc described in Clia])l(TS iX, X, 'uid X^l. Since writing this 
chapter an excellent pajier, one might almost say a cjiissical 
paper, on “Some Pl^^•sic()-t^llemic^d Considerations on JJenzol 
kecov(M y lror,i ('oal Cias,” has been ]Hiblish(’d liy Mr T. F. E. 
Rhead, M.Sc.,^ and the writer iv'eommends all those interested 
in the important subject of beiizol recovery lo give this paper 
their careful study. 

In the journal of Ihc Socicfy of (licmical Induslry oi Ih-b- 
ruary 15, i^p;, there occurs a pajter by fh. R. la-ssing entitled, 
“ Extraeliiig the Va]K)rous Const it uent'^ from (*oal (las,” 
This communication deaR with a suggested nu'thod ol de- 
benzolising gas by “ dry ” scrubbing ami a nu'thod of d('terniin- 
ing tlu' amouift of benzenoid hydrocarbons m^coal gas, and it 
should receivi^ the serious considi'ration of all wdio ari' interested 
in gas stri])ping** 

The diagram Eig. 70 illustrates the Southport ck'benzoli.sing 
])lant, whicli has bec'U erected from material hjmid on the Soutli- 
port gas estate. Similar material is i.sual’y' found on most 
gasworks or can be readily jirocined at small cost. The whole 
ot the plant was eri'cli'd in ten days’ time at a cost of £23^hilx)nr 
only), and it has been working for some considi'rabh' time, 
during w'hich it has given entin; satisfaction. TIk' diagram 
shows the simplicity ol the apparatus, and ajiart from the small 
amount of labour reejuired on the furnace very little sujier vision 
is necessary. 

The benzolised oil is continuously pumped into an ovci- 
liead syphon which is fitted with an overflow. By the re- 
gulation of a cock marki^d A on the plan a regular suj)])ly of 
oil is maintained. The benzolised oil passes through a hiiat 
exchanger H and enters at the bottom of the twm luaiting tubes 
at points B. ('omiected to the inlet pipe there is an extension 
pipe to the dtdienzolised oil cooler, which jfipe is fitted with a 
'cock so that at any lime the oil can be drained out of the heating 
tubes, the end flanges removed, and the tulx'S cleaned when 
necessary. The oil ])asses out of the lO-inch heating tubes 
by means of two 2-inch pipes, at the to]) of whicli are mounted 
thermometers. These thermometers are fi.xed ipto the top 
plugs and made tight by cemeiiL. I'he tubes are coynecacil 
to the chamber C in the middle ol the fractionating column. 
The benzolised oil, which is ht’ated,to a temperature of between 
110° and 120'' C., passes into the lower portion of the fractionat- 
ing column through a (piantity of steel turnings and rings, as 
shown in the diagram. At the base of the colflmn there is a 
small cljamber intp which a volume of steam is passed. The 
steam meets*the hot oil as it passes through the mass of turnings 
1 Sue Gas World, Jan. 27, 1^17, pp. Oi-OO, 
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avd ring?*. 11 should he uoiod lliht the upper ^lulion of the 
column is filhxl in a iriinidar manner lo the' lower portion. By 
a propiM- adjustment of the steam^a 0.5 per cent benzol can 
readily be obtaiii(‘d from the ben/.ohsed )il. It is possible to 
obtain as high as 8o ])er cent, benzol, but if this q.iality is main- 
tained a certain amount of benzol returns with the oil to the 
storage tank. 

The IxMizol condenser I) is made from 2-inch lead pii)e, a.rul 
is attached to a small syphon pot at the lower end in which a 
separation of tlie water from the Innizol is (dft'cted. 

In the woHdng of tlu' Southport plant the steam is so 
regulat('d that the coiuhmsed w;ilir coming along with the 
benzol is equal in voluihe to the uudt* benzol. 

The pkint is capable of, deben/olising 2.^0 gallons ot bt'iizolisi'd 
oil per hour, and the maximum amount, 2(14 gallons ol (>5 per 
cent, benzol, may be recovenxl in one da}^ 



C llAFJ tK AlA 


TARWOKKS’ TESTS 

Examination oi tar — ])yndine tests — pitch — examination of creosote 

oil — benzo. testing — valuation ol crude napiitha — naphtha testing — 
valuation of light fiil — crcsylic acid tests —testing metacresol by the 
long or short cresyhle test -carbolic af{fl tests— anthracene tests — 
exainination^of caustic liquors, spent liquors and lime mud — testing 
coke furnace gases — t*xamination ot cok^ — determination 6f benzenoid 
hydrocarbons in coal gas - testing bei#,ohsed anrf debenzolised oil — 
determination of naphthalene in coal gas— Dr Colman’s method of 
estimating tlu^^crccntage of beniene, toluene, and xylene in toluol. 

• 

Examina'iton of Tar ^ ^ 

Water, — A quick method of deternfining this substance in tar is as 
follows : One hundred grammes of tar are weighed mto an 
8-oz. tubulated retort with a long beak, and 20 to 28 c.c.'^s of 
benzol added. The lot is mixed together carefully, and the 
retort is then suspended on a retort stand. A small flame, 
preferably that obtained with a Rose burner# is placed under 
it, arid the water and benzol which comes over collected 
in a measure placed under the beak of the retort. The 
speed of the distillation must be regulated so that the whole 
of the distillate is condensed. With this method, the water 
comes over between from J of an hour to an hour, without 
•frothing. 

Another method which gives excellent and rapid results, 
but which requires a little more apparatus, is carried out as 
follows : Into the tubulure of an 8-oz. retort is fitted a funnel 
sufficiently large to hold 150 grammes of tar. The stem of 
the funnel is shortened and the bore closed by heating in a flamt 
to produce an orifice of about .fi inch in diameter. On the end 
of a length of glass rod a small piece of india-rubber tubing 
is placed, and this is inserted into the stem of the furyiel,*a| 
shown in Fig. 71. A 100 c.c. measure is» required to collect the 
distillate. The retort must h 5 ve a long beak, or, better, should 
be connected to a 12-inch Liebig condenser. Into the retort 
is placed about 50 c.c.'s of heavy naphtha, free from naphtha- 
lene, and 100 grammes of tar are weighed into thC funnel. The 
naphtha,is now brought to a boil, and immediately the same 
commences tb distil the tar is allowed to run into it through 
the small orifice in the funnel stem. .It will be found that in a 
few minutes after the tar has left the funnel the whole of the 
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water contained therein -has distilled over. With care this 
operation requires from between 2Q^ minutes to half an hour. 
S. R. Church recommends the followin;> method : Measure 
50 c.c.’s of coal tar naphtha, or light oil (wlucln must be free 
from water), in a 250 c.c. meltsuring cylinder. Two hundred 
c.c.’s of tar are then added and the lot mixed. Transfer the 
contents of the cylinder to a small copper still, and wash out 
the cylinder with 50 to 75 c.c.’s more of naphtha, adding the 
washings to the contents of the still. The still is connected 
up to a tube eondcns‘er having a water jacket 15J inches long. 
Heat is then applied by, means of a ring burner and distillation 

(i« 
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carried on until the thennometer indicates a temperature of 
205° C. The distillate is collected in a separatory funnel, into 
which 15 to 20 c.c. s of benzol have been previously placed. 
The addition of the benzol effects a clean separation of the 
water from the oil. The water is run off into .a measure and 
the volume read. 

Specific Gravity . — frequently the specific gra^dty of tar is 
taken by means of a Twaddell hydrometer. In carrying out 
the test with this instrument, the tar should be brought to 
bo'^ Fahr. (15. C.). When tliis temperature is obtained, the 
hydrometer is carefully placed in the centre of the tar, which 
is contained in a specific gravity jar, and plenty of time allowed 
for the hydrometer to sink. 

Church recommends the following method for taking the 
specific gravity pf tar : Between 300 to 400 c.c.’s of tar are 
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dried in the same apparatus as used for tHe Water determination 
but without the addition oftnaphtha. The distillation isVarried 
on until a tcmpcratui^s of iy(f C. is reached. Any oil which has 
distilled over fs carefully separal ?d from the water and returned 
to the tar in the still and thoroughly mixed in 'after cooling. 
The specific gravity is carried ^iit on t^'is dehydrated tar in a 
specific gravity bottle of the Hubbard type, whose water capacity 
at 15.5*'^ C. 'fio’ Fahr.) has been det::;mined by experiment. 
Ten grammes of tar are introduced ai a j^emperalifl'e of 40 to 
50° C. inio the weighing bottle, and the weight taken after cool- 
ing. Freshly boiled distilled water •k then added, and the 
bottle kept in apbath at 15.5° C- until no further contraction takes 
place. The water is tlu^n adjusted tdtlie mark, and the bottle 
removed from the bath and weighed. Weight 
of tar divided tiy the weight of* the water dis- 
placed will give the specific gravity. 

Another method of taking the specific gravity 
is to place about 200 c.c.’s of tar in a large 
covered beaker and immerse' the same in warm 
water, tlu' temperature of which must not ex- 
ceed 50° C. This will cause entangled am- 
niouiacal liquor to collect on the top of the tar, 
when it is removed eithei by decantation n)r 
absorbing it wth blotting-paper. A portion of 
the dch3^drated tar is then placed in a specific 
gravity botth (Regnault type) and the determina- 
tion taken at a temperature of 15.5'^ C. 

Lunge estimates the specific gravity of tar by 
employing a weighing bottle of the shape illus- 
trated in Fig. 73. This bottle is provided with 
a rill, R, 2 mm. ’s wide. The specific gravity is T.uTosunK. 
taken as follows : The weighing bottle is first 
weighed empty, and then <igain after filling it with watei at 
15.5° C. The bottle is then dried, dehydrated tar poured into it 
until it is about two-thirds full, and the bottle, without its 
stopper, is then placed into lu^t water for aboht an hour 
in order to disperse air bubbles. Tl^e weighing bottle and 
contents are then allowed J;o cool to a temperature of 
15. '5° G. and weighed. The botfle is now filled with dis- 
tilled water, the stopper inserted, and anv water which issues 
from the rill is removed, and the whole allowed to stand 
in a vessel containing water of a temperature of 15.5° C. 
for aboift aij houi* after which the weight is again deter- 
mined. The specific gravity is found by the following calcula- 
tion : (a) Equals the weight of the empty bottle ; (fc) equals 
the weight of the bottle filled with water ; (c) equals the weight 
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of the bottle plus the'iiar ; (^/) equals the weight of the bottle, 
t,ar and water ; (s) equals specific gravity. 

bTe~ ifi+7) 

Free Carbon , — The methodsf of determining this material 
arc fairly numerous, but the ofc which in the writer’s opinion 
gives the best result is that devised by Hooper. This method 
unfortunately takes a,co<isiderablc time to carry out, and on this 
account the writer modified it, and by doing so reduced the 
time to about one quarter of that wluch is required to’ carry out 
Hooper’s test. The degree of accuracy is in favour of Hooper’s 
test, but in the case of Lhe writer’s method the amount of 
error is not a very serious one, and where time is an important 
matter it may be used. Hooper’s test is carrLu out as follows : 
Ten grammes of tar are weighed into an extraction thimble, 
which is then closed with a cotton wool plug and placed into a 
Soxhlet apparatus. The thimble and plug are previously ex- 
tracjted with the solvents used in the process, dried and weighed. 
The*^ t'dr is then extracted with (a) 90’s benzol, {h) 90 per cent, 
at 140° C. pyridine bases, and (c) unmineralised methylated 
spirit, extracting 50 times with each solvent. The thimble is 
then removed, drj[ed in a steam-oven, and weighed when cold. 

The following is the writer’s method of determining free 
carbon in tar : An extraction-thimble, plug of cotton wool, 
and lid of filter paper arc extracted, first with 98 per cent, 
cresylic acid, and then with qo’s benzol, until extractions are 
colourless. The lot are then dried and tared. Ten grammes of 
tar are weighed into the tliimble, the plug inserted, and the 
filter-paper cap placed over and held in position with a piece 
of thin platinum wire. The prepared thimble is then placed in 
a Soxhlet apparatus and allowed to soak in qo’s benzol for a 
quarter of an hour, after which four extractions with qo’s benzol 
?rc made. Extraction with 98 per cent, cresylic acid is then 
commenced, and continued until it runs away colourless, after 
which qo’s benzol is passed through the apparatus until it shows 
po colour. The thimble is then removed from the .Soxhlet tube, 
dried in a steam-oven find weighed when cold. 

S. R. Church has adopted a very compact and simple extrac- 
tion apparatus (Fig. 73), for'use in the estimation of free carbon 
in tar, which in the writer’s hands has given excellent results. 

Sulphur.— Ai is sometimes desirable to estimate this sub- 
stance in coal tar, and a good test is recommended by A. Ren- 
fred Myhill. A full description of the luethod, is 'given in 
The Gas World for ist February 1913. Briefly, it consists of 
igniting in a special mafiner a weighed quantity of tar with 
anhydrous Sodium carbonate in a nickel crucible. After the 
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fusion the mass is lixiviated with distilled water. Any sodiijm 
sulphite in shluiion is oxidised witii bromine water and the total 
sulphate determined by the usual method with barium chloride 
and the result calculated to*sulphur. • 

As/z.—This may 'be carried out by igniting carefully 5 or 


10 grammes of tar in a 
large open porcelain or 
platinum (^rucible. 
Every precaution must 
be taken at the begin- 
ning of th;‘ ‘ operation 
to a\oi(l^frothing over, 
especially if the tar con- * m 
tains an excess of en- 
tangled liquor. Dehy- 
drated tar may be used 
for the estiih^ion if 
desired. 

TcdingTar for Yield 
of Products. — Some- 
times it is desired to ; 
determine in the labora- 
tory the yicM of jiro- I 
ducts which may be 
obtained from a certain » 
samfde of coal tar. 
Laboratory tests for de- 
termining the yield of 
crude naphtha, light 
oil, creosotes, pitch, etc., 
are not very satisfac- 
tory, and will not give 
more than an approxim- 
ate idea of what may 
be expected in the 
works. It is far better 
to erect in the works an 
experimental still which | 



will deal with say 5 73 — ^ppamlus .ndopted Sv Clftinli for the Deter* 

cwts. or even a ton, or, ‘ - 

better, to work through a charge of say 15 or 20 tons of the tar. 
There are occasions, of course. When this cannot be done, and 


then at least two gallons of tar should be distilled in the labora- 
tory. This may be carried out in a specially made copper still, 
cylindrical in shape, the diameter being a httle less than the 
height r and provided with a vapour pipe, a safety valve and a 
thermometer, using a high-prcss\ire gas burner to supply the 
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h^t, and surrounding thi still with fii>?-bricks. The vapour 
pipe of the still is connected up to tin i8-inch Liebig condenser 
through the jacket of| which, during the distilling off of the 
crude naphtha and the first portiop of tlie light-oil fraction, 
cold water is allowed to flow. After th/^ first portion of the 
light-oil fraction has come over the jacket is filled with hot 
water in ord^r to prevent clioking with naphthalene salts. 
The thermometer bulb should berin the vapours- and as near the 
outlet of the vapour pipe as possible. Fractions are collected 
according to the requirements of the wairks manager ; in a 
general way,, however, t^jC following may be takei?. ,as a guide : 

Crude naphtha, up to . .1 . 170° C. 

Light oil, between * ! . . . 170-240" C. 

Middle, oil, ,, . . . 240-270" C. 

Heavy oil, . . . . 270-350" C. 

Pitch, above 350" C. 

,The following table by J. M. Weiss will no doubt prove 
useful to tar works’ , chemists : 


f.'iurcc of Tar. 

Free Carbon, 

Specific (Ir.vvity Coefficient of Exiiansion 
at 60“ F. for “ F. 

per cent. 

Water gas tar . 

1.04 

1.073 

0.0003750 

Water gas tar . * 

1.08 

1.090 

0.0003550 

(jasworks coal tar 

16.67 

1.203 

0.0003125 

Gasworks coal tar 

i «.53 

1.205 

0.0003125 

Gasworks coal tar 

27.50 

1.249 

0.0003100 

Gasworks coal tar 

33.17 

1.296 

0.0002700 

Coke oven coal tar . 

j ^-97 

1.185 

0.0003375 

Coke oven coal tar . 

I 5.27 

I.I93 

0.0003350 

Coke oven coal tar . 

j 4.04 

1.178 

0.0003300 

Coke oven coal tar . 

6.72 

I.I95 

0.0003250 

Coke oven coal tar . 

6.65 

1.197 

0.0003125 

Coke oven coal tar . 

q.io 

1.203 

0.0003125 

Coke oven coal tar . 

19.06 

1.258 

0.0003075 

Coke oven coal tar . i 

15.02 

1.231 

0.0003050 


Pyridjke 

The specification issued by the German Federal Council for 
testing recti ficd^j)yndifie bases is as follows : 

Waier . — This must be under 10 per cent, (it is often required 
that the water be not over 7 per cent.). The determirfation is 
carried. out as follows: Into a special burette (see Fig. 74) 
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•3 c.c.’s of 80® T\v. cafistic §oda, wIikIi must be perfectjy cleitr, 
ire carefully run, and if necessary after standing a short tifne 
Ldjusted. On to the top of the soda 2 j c.c.’s of the pyridine 
)ascs to be tested are placed, m cork inserted into the ne^ of the 
mrette and fjiie confcnts gdntlv shaken, after which they are 
dlowcd to stand for a .hort t.me, to separate. The 
ncrease in the voiumc of caustic soda indicates water. 

less thafi 90 pe rent, .‘should 
iistil over np to a temperature of 140® C. when 100 
:.c.’s of thf. bases are distilled in a V/n^tz distillation 
ksk, tile bull) of the thermometer b^ mg, opposite the 
mtlet tul^e. , 

Colony . — This must not be darken »than a solution 
3f 2 c.c.’s of N/io iodine solution in one litre of distilled 
water. ' ^ . 

So{uhility.—T\\^ sample must be completely miscible 
n water to a clear solution. When 20 c.c.’s of the bases 
a,re mixed with 40 c.c.’s of water there should be no 
separation of oily drops. * » 

Ammonia. -This must be absent. 

The bases arc required to answer the following test : 

Ten c.c.’s of a i per cent, (by volume) solution o^ bases' 
must give a v.hite precipitate with 5 c.c.’s of Nessler’s 
solution. 

Cadmium Chloride Ten c.c.’s of i pej cent, (by for 
volume) solution of the pyridine bases when mixed Test^mg i>y. 
with 5 c.c.’s of 5 per cent, aqueous s.dution of anhy- water, 
drous cadmium chloride and shaken vigorously should, 
almost immediately, yield a distinctly crystalline precipitate. ^ 
Titration Test.— To i c.c. of the bases dissolved in 10 c.c. s 
of distilled water. N/i II2SO4 is added from ;5. burette until a 
drop of the mixture gives a distinct blue colour or border on 
Congo paper. At least 10 c.c.’s of acid must be required. The 
Congo paper is prepared bv soaking filter paper in a one per 
thousand solution of congo red, and allowing to dry at ordinary 
temperature. The papei should be prepared just before the 
titration is carried out. 

In the new specification for pyridine bases the distillati^ 
requirements vary from those just given, thus : Up to 149 C. 
the bases should yield 50 per cent, and yp to 160 C. 90 Jier cent. 
The titration test is carried out in the same manner, but i c.c. 
of the bases dissolved in 10 c.c.’s of water should require at 

least 0.5 c.c.’s of N/i H2SO4. . , x 

Test for Oil in Crude Pyridine.— Ahoot 2 §o c.c. s of the 
sample are dried with 80® Tw. caustic soda. Of this dned 
pyridine bases 10^ c.c.’s are taken and distilled in a Wurtz flask 
until 10 c.c.’s have come over. To this voiumc 90 c.c. s of ai> 
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tiffed wqter are added and the lot shaken. It the, solution be- 
cornes turbid oil is indicated. In this case a further lo c.c.’s 
are distilled over into another measure and go c.c.’s of distilled 
water aclded. After mixing, should the solution become turbid, 
then the batch is rejected as unsuitable 'and rec^uiring further 
treatment. • 

Valuation Test of ‘Crude Pyridine 

Water. —This is carried out in the manner described under 
German sptreification for«rcctified bases (page 330). 

Distillation. — 'I'wo hundred and fifty c.c.'s of tlje saniple 
are dried by shaking with three separate quantities of 80“ to 
90^ Tw. caustic soda, the', volume in each case being about 100 
c.c.’s. The dried p^Tidin^ is measured, and tlien placed into 
a 300 c.c. round-bottomed distilling flask, to wliicli is fitted a 
le Bel Henninger fnictionating head. This head should be 
pr^'vided with three bulbs, and have an overall length of about 
20 inches, tlie distance between the bottom of the head and 
tlje outlet of the delivery tube being a])proximately 13 inches. 
The fractions are collected as follows : From drop to 140° C. 
(rcfiflbd'pyridine) ; from 140 to 160° C. (heavy refined pyridine) ; 
from 160 to 180° ('. (heavy bases). The refined pyridine fraction 
is tested for («) water ; (b) oiliness ; and (c) percentage of 
distillate at 140° C. Methods of carrying out these tests have 
already been described. 

Estimation of Pyridine in Naphthas, etc. 

Rough Method. — Into a 100 c.c. stoppered test mixer 50 c.c.’s 
of dilute sulphuric acid (i : 2) are placed. On to this are run 
50 c.c.’s of the oil to be tested, the stopper inserted, and the 
contents well shaken and allowed to settle. The decrease in 
the volume of the oil or the increa.se in that of the acid indicates 
the amount of pyridine contained in the 50 c.c.’s of oil. 

c, A more Accurate Method. — ^Take 500 c.c.’s of the naphtha, 
place in a separating funnel and wash with 20 per cent, of 
dilated 13 . 0 .V. (i acid 2 water) in two lots of 40 c.c.’s and one 
of 20 c^c.’s. ’ Carefully separate the acid extracts, bulk them, 
place in a steam distillation apparatus, make alkaline with 40® 
Tw. caustic soda, and then steam distil until about one-third of 
the original bulk in the distilling flask has been collected. Place 
this distillate in a separating funnel and add 90° Tw. caustic 
soda until no nSure oil separates, allow to rest, carefully run off 
the subnatant alkaline liquor, dry the pyridine bases,, with a 
little 90° Tw. caustic soda, separate most of the alkali and then 
run the remainder with the bases into a narrow measuring 
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tube, rinse out the Tunnel with a little 90^' Tw. caustic soda inty 
the tube, allow to rest, and read off \clv.me of pyridine bases. 

% • 

» • * 

\ Pitch Tests 

• 

The usual tests applied to pittli arc : (a) Detefmination of 
twisting point, [h\ ash, and (c) vylatile matter. Occasionally it 
is required to estimate the specific gravity and the free carbon. . 

Specific Gravity , — This is estimated by ^hc usual displacement 
method. ^ ^ 

Free Carbon. — I'he method used for estimating tliis sub- 
stance is th^ same as that employed in tlie case of coal tar. Of 
course it is advisable to grind tlic pitcli*tb a powder, should the 
same be hard enougli. ^ I , ' 

Twisting Point . — There aro various wavs in which this is 
carried out, and u^iortimately thisds the cause of many disputes. 
In the writer’s opinion it is far better to rely upon a satisfactory 
method of estimating the volatile matter n pi^ch than any 
method of determining the twist. ^One metJiT)d df determining 
the twist is that of Kohler, wliich i*s as follows : Pieces of pitclr* 
inch in thickness are placed in water at 60° C., anrl after 
this has cooled to 55° C., the pitch should be easily twisted 
without breaking. Pitches which answer this test are con- 
sidered suitable for the manufacture of briquettes. 

Another method is to take a i-oz, sample of 4 .he pitch, soften 
it in warm water, and shape it between the fingers until a rod 
of appioximately | inch in diameter is formed. This is allowed 
to harden again, and after an interval of about an hour, when 
immersed in water at 60° C., it should easily twist. A pitch 
wh'jh answers this test may be employed in tlie manufacture 
of briquettes. 

Ani'ther method which is used to determine the twisting 
point of pitch for the manufacture of patent fuels is to immerse 
a piece of pitch 4 inches long and ^ inch in diameter in water at 
a temperature of 60° C. for two minutes. After the expiration 
of this time it should bend without breaking. • 

A method which is used to determine the twisting point of 
any quality of pitch is to take a sample of the pi^ch, heat it 
(in water) sufficiently to make it pliable to the fingers, and thCn« 
form a rod about 2 inches long and inth in diameter. Tliis 
rod is allowed to harden, and then suspended on a piece of string 
so that it hangs inside a beaker containing cold water. A ther- 
mometer is also suspended inside the beaker, the bulb of which 
should touch the rod of pitch. The beaker is placfcd on a piece 
of wire g^uze, and heated with a Rose flame at such a rate that 
the water incf eases in temperature 2° Fahr. per minute. . It is 
necessary that the water be stirred very frequently to ensure 



234 COAL TAR DISTILLATIOiJ 

evfn temperature, and the pitch oc'casionally Jifted out and 
an attempt made to twist it. When it is possible to twist the 
sample two or three *times with only a slight effort the twisting 
point *13 found. ' * ^ 

Melting Point ~-lo determine' this, Sf K. Chu;:ch recommends 
the following : « 

A ^-incll cube of the pitch to be tested is formed in a 
mould, care being ta^ken not (o heat the jntbh unduly long or 
at a' higher temperature than' necessary. A 600 c.c. beaker is 
supported on a wire gauze over a bunsen burnei, and hanging 
into the beaker 'aro a "thermometer and a copfier wire (No. 12 
gauge) liook. The cube of pitch h placed on this hook and 
suspended in the beaker at such a height that the bottom of 
the cubeds just i inch above the bottom of th(?. beaker. Water 
to the amount 6f 400 c.c.* is placed in the beaker and the tempera- 
ture brought to 15.5° C., apd the pitch is^llowed to remain 
five minutes in this water before heat is applied. The water 
is to be heated at such a rate that its temperature is raised 
5“ C. (9^ F,)‘*per»*minute. Immediately the pitch touches the 
bottom of the beaker the temperature is noted and recorded 
as the melting point of the pitch. {To prevent the melted 
piTch*''from sticking to the beaker, place a small piece of paper 
on the bottom and suitably weight it.) This method is employed 
for pitches which possess a melting point between 43° and 77° C. 

l^r pitches <with a melting point below 43° C. immerse the 
cube of pitch in water at a temperature of 4° C. (40° F.) for 
five minutes before commencing the heating. 

If the pitch to be examined melts above 77° C. use cotton- 
seed oil instead of w'ater, immersing for five minutes at a 
temperature o'i 15.5° C. before heat is applied. 

Volatile Mailer in Pitch . — ^There are several methods of de- 
termining this, and unfortunately there is no standard one. 
Tlie writer made a considerable number of experiments, some 
little time ago, on the subject of the determination of volatile 
matter in pitch, and published many of the results in a paper 
read by him before the Midland Junior Gas Engineering Associa- 
tion.i The method which seemed to give the best results is as 
follows : A porcelain crucible 4 cm. in diameter and 2J cm. 
deepj containing 2 grammes of ground pitch, is placed in a Leune 
furnace (such as is supplied with a Meker burner), with the lid 
on, the top portion of the furnace being removed. A No. 2 
size Meker burner is use^. The heating is extended over a 
period of ten minutgs, and the flame kept at full blast the whole 
time. The furnace cover is put on after the first five minutes 

1 “ Investigations of Coal Tar and some of its Products,” g'ransactions 
of ih( Junior Gas Associations, volume 2, page 105. The Gas World, 
March 2, 1912, p. 284. 
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has elapsed. -The crucible, '\ythout tlie lid, is then allowed to* 
cool in a desiccator and weighed, the, loss being the volatile 
matter. ^ I 

Ash in Pitch . — This may be deter. loined by igniting the residue 
left after the dc^ermi i^ion of the volatile matter, or igniting a 
freshly weighed-up portion. The method of estimation is quite 
simple and does not need any description. 

CkeosotI Oil 

Much lias b'jen written on the testing qf coal tar* creosote, 
but u]) to tlie present it seeing that none of the methods published 
have been accepted as standard ones. The usual tests to wliich 
creosote is subimlted are : Determination of specific .gravity ; 
and tlie estimating of the percentage! of water, phenols and 
naphthalene, and also a distillation test in order to determine 
the distifling range? Occasionally the percentage of free carbon 
and pyridine bases arc estimated. Other tests which are some* 
times applied are the solubility of the samite i« benzol, the 
solubility in dimethyl sulphate, flash point, and coefficient ot,. 
expansion. 

Specific Gravity . — This is determined in a fairly acCura^e 
way by the us * of a hydrometer, making a correction for 
temperature, or, better still, cooling a sample down to a pre- 
arranged temperature. It is not always possijile to take the 
gravity of a creosote at 15.5^ C., as sometimes at this tempera- 
ture the material is solid or semi-solid. When the oil is liquid 
at 15.5“ C. then it is as well that the gravity be taken at that 
temperature, but should the oil be soHd, then it is necessary, 
of course, to estimate the gravity at a higher e>ne. Sage re- 
C03 amends taking the specific gravity of salty c reosotes at a 
uniform lemperature of 60° C. Butterfield suggests that the 
gravity of salty creosotes should be determined at the tempera- 
ture at which the oil is fully liquid. Often specifications state 
at what temperature the gravity should be taken, but seldom 
do they mention the method by which the determination is* 
to be made. If it is desired to obtain a more accurate test, 
then the picnometer or Regnault gravity bottle should be used. 
Some chemists recommend the employment of a* Westphal^ 
balance. • 

Percentage of Water. — ^This«is determined by distilling a 
measured quantity of the creosote in a retort until no more 
water is given off. The quantity of oil ta|fen is generally 100 
c.c.’s, and the beak of the retort into which it is ^aced should 
be long and preferably surrounded by a piece of wet blotting- 
paper, arAnged so tflat it is possible occasionally to re-moisten 
it during the distilling operation. In any case care muSt be 
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^aken* that the distillation is not ^conducted' too rapidly, or else 
some of the water will net be condensed and will escape as steam. 
Oil, of course, distils"ovcr with the water and sometim-s does not 
' separate well in the graduated cylinder /n which it is collected. 
In order, therefore, to bring about a clefin sepauation it is advis- 
able to introduce into the cylinder about lo c.c.’s of 90’s benzol 
or solvent naphtha. This wilj hold in solution any naphthalene 
whic;h may distil ovdr, should the creosote be* a very salty one, 
and in all cases will result ih a clear reading being obtained. 
It is possible, of course, to estimate the percentage of water in 
a creosote atthe’'same^ime as the test is being niclde for distilling 
range, and reference will be made to this wlien dealing with the 
fractionation of a crecfs'dte. 

PJicn'ols . — There aroj several methods of estimating phenolic 
bodies in creosote. In ’many laboratories it is determined by 
taking a measured quantity,, generally 100 gt’s of the. creosote, 
and placing it in a separating funnel, and then washing it 
'with two or three successive quantities of caustic soda solution 
of about 4o'''rw.' The volumes of soda used are approximately 
•20 or 25 c.c.’s for each operation, 'i'he soda washings ar(! mixed 
awd ^.cidified with chlute sulphuric acid (1:3) and the phenols 
which are thrown up separated and measured. Of course, should 
the oil be very salty, it is necessary to heat it to a temperature 
at which it will remain liquid and also to heat the soda a little 
before adding it. In cases of tliis kind the temperature at which 
the oil is measured should be noted and the tar acids separated 
sliould be measured at the same temperature. On the other 
hand the creosote may be weighed and the tar acids which 
are separated weighed also. Should the creosote be liquid at 
normal temperature, then a rough method for determining the 
tar acids is the following : Fifty c.c.’s of 40 Tw. caustic soda 
are placed in a 100 c.c. graduated and stoppered test mixer. 
On the top of this are run 50 c.c.’s of the creosote, both materials 
of course being put into the cylinder at the same temperature. 
The contents of the mixer are agitated and then allowed to 
stand to separate. The increase in volume of the soda or the 
decrease in volume of the creosote will give, when multiplied 
by two, tbe percentage of tar acids. 

* i^lnother method of estimating the phenols is to distil 100 
c.c.’s of the creosote in a retort and collect all that will come 
over up to 315^ C. The, distillate is. heated if necessary and 
agitated in a separating funnel with three successive quantities 
of 25 c.c.’s each of caustic soda solution of a strength of 40° Tw. 
These soda Extracts are carefully separated and mixed together, 
placed in a clean separating funnel and sljaken out \^th a ‘small 
quaptity of ether in order to remove any entangled hydrocarbon 
bodies. This extracted soda solution is carefully separated 
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m the ether and heated on the wat^r-bath in order to* driv^ 
any ertier which h is remained in solution. It is. then cooled 
i rendered just acid with •dilute sulphuric acid, made by 
..^.xing one paii of thB acid tvith three of water. The acidi- 
fication is conveniently conducted in a separating funnel, and 
after allowing a period of rest for separation, the •greater part 
of the acid sodiiim sulphate solfltion may be run off and the 
remainder, together with the jAenols, run into a graduated ‘ 
cylinder, and + he volume of the phenols off. These phenols 
will of couT se ctihtain a certain amount Oi dissolved wat«r. •’ 
Church •recommends distilling loo c.c.’s of the creosote, 
measured at limpid point, in a Jena W<i»*tz flask. The flask is 
connected to an* air condenser tube, which is kept w^?rm by a 
Bunsen flame during th(? operation . lo prevent the distillate 
from solidifying. J'he operation i^s continued until 95 per cent, 
of the creosote has been collected into a specially graduated 
separating funnel. The contents of the separating funnel arj? 
warmed to bo® C. in water and the volum^' ret*d oM. Fifty c.c.’s 
of a 10 per cent, solution of caustic*soda are no\v added, and the , 
mixture shaken well and allowed to settle. The clear soda 
solution is carefully removed, the oil warmed again to<)0°*C. 
and the shrinkage noted. Another 30 c.c.’s of caustic soda 
solution arc added, shaken, separated, etc., and any further 
shrinkage noted. This operation is repeated ^until no further 
shrinkage takes place, and the total shrinkage of the oil is taken 
as the percentage of tar acids present in the original sample. 

Naphthalc'ie- -There are several methods of estimating this 
material in creosote, and it is very difficult to say which of these 
lU'^thods gives the most accurate results. A rf*ugh method of 
estimating this material is the following : Twenty-five grammes 
of the creosote are weighed in a beaker to the second decimal 
place, and kept at a temperature of between 50° and 60° F. for 
twelve hours, then at 60® F. for two hours, with constant stirring. 
The contents of the beaker are then carefully but rapidly trans- 
ferred to a large filter papei supported in a funnel, which in its 
turn IS supported in a water jacket, the water of which is kept 
at a temperature of 60° F. Draining is allowed to take place 
until the mass becomes fairly solid on the filter paper, when 
the filter paper and the contents are renjoved from the funnel? 
the top of the paper folded #vcr and the lot placed between 
folds ot blotting-paper and pressM under a copying press. 
The latter portion of this operation mus^ be conducted very 
rapidly, in order to avoid any serious rise ivm temperature. 
After “thf pressing, the naphthalene is very carefully scraped 
off the filter 'paper into a tared dish and weighed. Sometimes 
the creosote is cooled to 32° F. (0® C.) for four, twelve, or twenty- 
four hours before separating the naphfhalene as just described. 
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Sage recommend^ that the naphthalene should be estimated 
in the fractions of ci*eosote distilling below 270° C., and not in 
,the entire oil, by filtering the pooled distillate through filter 
cloth and pressing between bibulous paper. ?V[ann estimates 
naphthalene by determining*- the “ latent heat point '' in a 
special apparatus. The metlio^ is fully described in the original 
paper by this worker.^ ' 

Tne apparatus used in Mann’s method is illustrated in Fig. 75 
,and the test is made as follows : A portion of tl\e sample, about 
^ . '50ic.5.’s, is distilled from a small retort until 

incipient decomposition of the "residue is 
obserVt'd, and the collected disjLillate is warmed 
until wjiolly fluid and then well mixed. The 
small tube A is removed from the apparatus 
and filled alvnit two-thirds #¥ith the distillate. 
This is gradually cooled, stirring all the time 
with a thermometer calibrated in 0.2° C,, until 
it becomes opaque, owing to the formation of 
crystals, and the temperature at which the 
opaqueness appears is noted. The water in 
the water-jacket C and the air-bath B (see 
Fig. 75) are then brought to a temperature two 
or three degrees lower than the opacity point 
f.temporature just obtained. The distillate in 
A is then re-melted and again cooled carefully 
to opacity point, when the tube is placed into 

^ B. Then the thermometer in A is adjusted so 

Fig. 75.— Apparatus uY<i quite Central and the bottom of its 

in Mann’s Method of esu- bulb about 2 cin.’s from the bottom of the 
Creosote. tube, ilic tcmpcraturc will be noticed to rise 
slightfy and then remain constant for about 
half a minute, after which it commences to fall. The maximum 
temperature reached is taken as the “ latent heat point.” In the 
original paper a curve is shown, the ordinates of which give the 
V latent heat point ” in degrees centigrade and the abscissae 
percentage of naphthalene. From this curve and the latent 
heat point ^obtained, the percentage of naphthalene in any 
sampl9 may be found. It is advisable for each worker to plot 
his own curve in the first instance, but the following figures may 
be useful to those who do no.+ wish to carry out the experimental 
work necessary to construct a curve : 


Actual percentage 
of Naphthalcmi. 

20 

. 2,5 . 


“ Latent 
Heat Point." 

30° C. 
34 ^ C. 


^ " Notes on the Testing o'i Coal Tar Creosote,” J. C. Mann, J.S.C.L, 
June 30, 1910, ,p. 732, 
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Actual Percentage 
of Naphtlialene. 

35 . . \ 

40 • 

45 . 


“ Latent 
Heal point.” 

40° C. 

45.5° c. 

49.8" c. 
52° ,C. 


• o 

Church recomhiends the following method : The extracted oil 
from the tar acid estimation (see page 2^,7 Church’s method) is 
placed in a < 0;^|ier beaker and kept at a ‘;.empe];ature qf 15.5° C. < 
for fifteen mirmtes. The mass is then filtered on a perforated 
funnel coinfbcted to a siict^n pump and sucked dry, and the 
naphthalene in tfie filter then pressed between blotting-paper in 
a letterpress to remove all,oil, and wei^Jiied. The percentage of 
tliis material is figured on the^ weights of r)riginal oil as given 
by the ^?^lecific gnwity at the limpid point. Church estimates 
the limpid point by taking 5 c.c.’s of the creosote in a test tube 
at 60'^ C. cooling, and stirring with a thermon'/^ter^until the first 
crystals begin to form (limpid poir<^). Cooling in water should 
be carried out if necessary. 

DhiiUin^ Range. A very usual practice for obtaining t<he 
distilling range of a creosote in this country is to distil 100 c.c.’s 
of the oil in an 8-oz. tubulated retort, no condenser being con- 
nected to the same. The position of the thermometer varies 
according to individual ideas or the requirements^f specifications. 
Some recent workers have adopted the use of a Wurtz distilling 
tiask connected to an air-cooled condenser. In the writer’s 
opinion the Wurtz flask method is certainly the best. The 
tarworks’ chemist will find that specifications i^'quire the use 
of jither a retort or flask, the size of which may vary. The 
position of the bulb of the thennometer is sometimes not stated ; 
at others, in the case of a retort, it is required to be in the liquid 
at the commencement of the distillation, or else above the liquid, 
and in the case of a distilling flask, just above the surface of the 
liquid at the commencement of the distillation, immediately 
opposite the outlet tube, just below the outlet tube, and jusf 
above the outlet tube. The rate of distillation is sometimes 
mentioned and at others it is not. As a matter of fact there is at 
the present moment a great need for the adoption of a stafidard« 
method of obtaining the distillmg range o! a creosote.^ 

Sage recommends the use of an 8-oz, retort, the upper part of 
the bulb of which is covered with a tin can packed with asbestos. 
With reference to the position of the bulb'of thejihermometer, 
this he recommends to be in the liquid at the commencement of 
the distillation and not more than J inch from the bottom of the 

' “ Investigations on Coal Tar and some of its Products,” ‘A. R. 
Warnes and W. B. Southerton, Transactiom of the Midland Junior Gas 
Association, 1911-12. 
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retort*. With reference ^to tlic points nt which fractions should 
be collected, he givei the following : 

{a) Distillate up to 210^ CJ 

(6) ,, between 210 to 235*r. 

(c) „ 235 to 270" (\ 

(d) t,. 270 to 31^'’ C. 

(^) Residue not ^listilling at 3i5“*C. 

With reference to these points it sliould be borne in mind 
that usually spcGificvitions detail the ]>oiiits at wltieh the fractions 
must betaken. . ^ 

Church favours tlas- method given in the Ameruan Rail- 
way Engineerin'^ and Maintenance of Way As^ciation Bulletin, 
No. 65. In this mctholi a retort is ‘used connected to an air- 
cooled condenser, the maximpm distance fr(^ the centj-e of the 
bulb of the retort and the end of tlie condenser being 24 inches. 
The thermometer, wliich is a standard one, is inserted in the 
retort in such a fnshion tliat the lower end of the bulb is I inch 
*Jrom the surface of the oil at the c(}inmencement of the dis- 
tillation. The retort is covered with an asbestos paper cover 
and supported on .1 piece of wire gauze. It is located with a 
bunsen burner sun>mnded by a chimney. The distillates 
are collected in weiglu d bottles, and all the fractions determined 
by weight, this,,necessit<iting of course the weighing into the 
retort of 100 grammes ot the oil. When any measurable 
quantity of water is presc'nt in the oil, the distillation should 
be stopped at the point it ceases to come over ; the oil is then 
separated from the water .nid returned to the retort, when the 
distillation should be recommenced. 

Reports are made on the following fractions : 

0 to 170'' C, 

170 „ 200^ ('. 

200 „ 210^ C. 

210 „ 235'" C. 

235 M 270° C. 

270 „ 315° C. 

315 335 " C. 

Estimation of Fre(i Carbon. — This comes under the head of 
insolubility in benzol and is determined at the same time as a 
solubility in benzol test. Sage recommends the following method 
for creosote containing no water. One hundred grammes of the 
creosote shouM be filtered whilst hot through a tared filter paper, 
and the filter paper afterwards washed with benzol in a Soxhlet 
extraction tube until the benzol runs away clear. The filter 
is then dried and weighed. He considers that in no case should 
more than 0.25 per cent, of insoluble matter be passed without 
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comment. Should the crco 3 btc contain more than a frace <)f 
water thj^may be driven off first in th£ u^al fashion, separated 
from the oil which comes oyct, the oil added to the mattrial in 
the retort, and the \\holc lot, while warm, passed through a 
tared filter pap^r as just described. 

’ f PyridiHe Bases . — ^Thqsp may^be estimated in# the creosote 
by shaking out say loo c.c.’s in»a separating funnel with dilute 
sulphuric acid (i : 2), using thi^e lots 01 about 25 c.c.’s*each.* 
The acid extractions are bulked, washed with a little ether, 
separated, tljp ether which remains i^i soli^tion in the acid 
extract driven off on the water-bath, and tlfb pyridine bases then 
tlnowii ’ p*by adding to tUb acid exlr^(^t caustic soda of about 
40° Tw. strengtii. The bases are separated and dried by treat- 
ment with 90® Tw. caustic soda and t^en their .volume read off. 
Occasionally the bases are not Extracted from the oil as received, 
but 100* c.c.’s are distilled in th6 retort up to 315° C. and the 
bases determined in the distillate. ^ 

The Dimethyl Sulphate Test. — ^Dimethyl^, sulphate will not 
dissolve, to any appreciable exteat, paraffin or olefine hydro-^ 
carbons, but dissolves benzene and its homologues. On accoufft* 
of this fact, this compound has been used to determine approxi- 
mately the amount of mineral oil or paraffinoid bodies in creosote. 
Dr "^ommcr recommends the following method : Four c.c.’s 
of T e distillate are put in a 10 c.c. graduated cylinder provide i 
wit! <i stopper and 6 c.c.’s of dimethyl sulphate added, a^er 
wh i the contents are shaken thoroughly for one minute. If 
tin iistillate is not entirely soluble, a separation will tak' place 
wii lin a few minutes, and the line of separation, being r'jar, can 
be easily read. • 

Flash Point . — As creosote flashes at a fairly high temperature, 
it is nc possible to use the Abel test apparatus and obtain satis- 
factory results. The best apparatus to use for determining the 
flash point of creosote is that known as the Pensky-Marten. 
This apparatus consi.sts of an oil cup with cover, to which is 
fitted a stirrer ard ^hermom- ter. The bath is heated by a spirit 
lamp or bunsen burfier, and the slow and regular heating of M 
oil is ensured by the jacket of air which surrounds the cup. 

Sometimes it is nece.^sary to obtain the open flasl^of creosote. 
This is determined by tajeing about 100 c.c.’s in a porcelain basiif 
and heating it carelully with a J<ose burner, stirring all the while 
with a thermometer. The rate of heating should be about 
one degree per minute, and at every degree a Lighted taper should 
be passed near the surface of the oil. The temperature is read off 
immediately a flash is noticed. 

CoeffitienUof Expansion.— T \\q method of determining this 
constant is not in any way difficult. Sage recommends the 
following : One hundred c.c.'s of the creosote should be measured 

0 
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iAto a 'flask marked at loo c.c.’s on the neck and graduated in 
one-tenths ot a c.c. ^up'to io6 c.c/s. The volume ^'ihould be 
first adjusted to loo c.c.’s at 40 C., and the flask then warmed 
in a water-bath to 80° C., and the voluii^ie at that temperature 
measured and recorded. The factor most commonly employed 
is an expansion of i per cent, ior a rise of every 22V’ F., but this 
is not true for all creosotes a: for high temperatures as well 
' as low ones. Sage has plotteid curves obtained when heating 
samples from 20° C. to 80" C., and the range falls within very 
'narrow limits, hi^ resuilts showing that the incEivjse in volume 
is I per cent*, for each 13.3° C., or approximately one per cent, 
foi every 24“ F. * , 

Calorific Value of Fuels* 

The importance of ^an accurate’ method of determining 
the heating values of various, solid and liquj^l fuels is now con- 
siderable, and for some years the Mahler bomb calorimeter has 
deservedly been held in high esteem by workers in calorimetry. 
By means of this ’Apparatus coals, coal-tar, creosotes and many 
ether substances are readily examined, and the results arrived 
at. are of an accuracy superior to that obtainable by other 
and perhaps more frequently employed fuel calorimeters. 
Recently, the Mahler bomb has been modified by Krocker,^ 
and with this im])roved apparatus it is possible to correct for 
the inclusion ofithe latent heat of the water vapour, which in 
the furnace of a boiler, for example, escapes, its heat being 
consequently lost. In Kroeker’s bomb there are entrance and 
exit tubes, by means of which a current of dry air may, after 
the experiment, be passed through the bomb and the escaping 
gases and watlir-vapour collected in the usual weighed calcium 
chloride tubes and potash bulbs, allowing of a determination 
of the water and, if desired, of the carbon dioxide produced in 
the combustion. 

In the case of liquid fuels such as tar, creosotes, petroleum 
fractions, etc., the fuel is placed in a small platinum crucible 
» supplied with the apparatus, and the method then carried out 
as for solid fuels, the ignition being made by electrical means. 
The results are accurate, and the apparatus is finding increas- 
, ing epiployment at the present time. Figs. 76 and 77 show the- 
general appearance of this calorimeter and the bomb in section. 

c 

Germicidal Value of Coal-Tar Disinfectants 

It has long been. recognised that chemical methods of testing 
disinfectants*{especially those of the coal-tar class) are of limited 

’ The Kroeker modification of the Berthelrt-Mahler calorimeter is 
made in England by Gallenkamp & Co., Ltd., 19 and 21 Sun Street, 
Finsbhry Square, London, E.C., to whom the author is indebted for the , 
loan of the illustration blocks on pages 243 and 244. 
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value in appraising theii value as germicides, and in 1903 
Rideal (S^Walker introduced their well-known '' drop ” method, 
using a standard orfjanism iB. typhosus), and compartng the 



Fig. 76. — Berthelot-Mahler Bomb Calorimeter with modified Bomb by Dr K. Kroeker. 


diluted disinfectant with a solution of pure phenol. In spite 
of mucU adverse cHticism, this method remains the standard 
procedure for testing disinfectants against a “ naked " or^nism. 
To perform the test accurately, many precautions have to be 
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taken, ^nd only an expert in its use can obtain' trustworthy 
results. ^ ' 

Bri(?fly, the method consists in shaking togetner 5 drops 
( =0.5 C.C., delivered from a .special pipodte, of a 24-hours-old 
broth culture grown at 37° C. pf B. typhosus, or other standard 
' organism selected for the pur- 

pose) with 5 c.c.'pf a known dilu- 
tion of the disinfectant in sterile 
distilled water and taking out 
from the mixture, subcultiva- 
tion in l)roth, a large drop of the 
liquid every 21 minutes up to 15 
minutes. The subcultures are 
incubated at 37° C. for 48 hours, 
when they are examined for .signs 
'of growth, aiuf the resulf's care- 
fully noted. A tabulated state- 
ment of thes(‘ results must show 
< a positive result (growth) in the 
first column { 2 h minutes) and a 
negative re.sult (no growth) in the 
last (15 minute.s). A standard i 
per cent, solution of pure phenol 
is tested side by side with the 
disinfectant. Four dilutions of a 
disinfectant can be tested with 
the diluted phenol at the same 
time, a special tube-rack holding 
these dilutions and thirty tubes 
of broth (6 sets of 5) being used 
for convenience of working. The 
efficiency of the di.sinfectant is 
expres.sed in terms of the 
standard phenol solution, and 
when a dilution of the disin- 
fectant has been found wliich 
has the same germicidal value 
in the above test as the standard 
phenol solution, the fonuer is 
divided by the latter, when the 
Rideal & Walker coefficient is obtained. Thus if a i in 70 
solution of a disinfectant has the same action as a I in 80 solution 
of phenol, thu; tested disinfectant is not so strong as phenol, 
and the coefficient is 70/80 or 0.87 (R.W. coefficient). 

A number of precautions must be taken, Chief amongst which 
are : The temperature must not vary more than 2® C. during 
the carrying out of the tests ; pipettes, tubes and measures, 



^jG.*77.-^cction of Bomb with Krorker’s 
Mollification, bhowmg Tlatuiura Crucible. 
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etc., must be sterile ; thei solidifying poin^ of the stanc^^rd 
phenol used for making the test solution 7 ust not be below 
40° C.-^henol containing pesols is irfepi icable ; tl^e broth 
used for cultures should De| a Lcmco '' jroth of prescribed 
composition, Standardised to a +1.5 per cent, reaction (when 
B. typhosus is the test organising. 

Further deta-ils for carrying out this important test will be 
foui cl in Mo( i and Partridge’s Aids to Exc^mology, third gditioij, 
191^-, pp ct seq. 

It wdl be, seen that in the liideal- Walker test, the cultiye 
organism is exposed to the disinfectant^n «. “*naked * condition ; 
that is to* say, the conditions of the test do not approximate to 
the actual circumstances of practical dft!nfection, where generally 
tlie disinfectant comes ptg contact jvith pathogenic and other 
organisms together with much organic matter of varying nature. 
For this reason, lit has been suggested that extraneous organic 
matter should always be present in the test. It is, however, 
a matter of some difficulty to prescribe a standard uniform 
organic addition in suitable amount; anth for* this. reason the 
Rideal-Walkcr test in its acccptecJ form should always be carsied 
out without added organic matter, this material being added 
if desired in another series of tests made separately. The 
addition ot any organic matter tends to lower (sometimes appre- 
ciably) the carbolic acid coefficient of the disinfectant. 

Benzol 

Specif c Gravity . — ^This is determined with an ordinary 
specific gravity hydrometer after cooling the benzol to 15.5° C. 
3omc chemists take the gravity at the ttffiperature of the 
laboratory and correct it by adding .001 to the specific gravity 
reading for every 2® F. above 60° or subtracting the same 
figure for every 2° F. below 60°. This method is not to be 
recommendi i, as the factor is not accurate for all temperatures. 
The best method of esiimating the specific gravity of this • 
material is to use the Regnault specific gravity bottle. • 

Distillation . — For making rough works' tests, such as deter- 
mining the percentage given off from a sample obtained from 
the worm end of the benzol still, an 8-oz. retort is used, c^nnect^d 
to a Liebig condenser and supplied wilffi a benzol testing ther- 
mometer, which is graduatcd*from 70° to 130® C. in one-fifths of 
a degree. The length of the Liebig condenser is about 30 inches 
and the condenser tube about i inch wide. The thermometer 
is fixed so that the bottom of the bulb is about *} inch from the 
botton>of the retoit. A Rose burner is used to heat the contents 
of the retorV, and the distillation should proceed at the rate of 
about two (hrops per second. It should be added that Cenzol is 
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te?)j:ed before delivery for its percentage 'at 100° C. or 120° C., 
according to quality, in tl^e same ai)paratus. 

Pyridine in BenzolJ—H'ddly made benzols may conKin pyri- 
dine bases, and it is advisable to for these if the sample is 
suspected. Tlie test may be carried o^it as follows : One 
hundred c.c.’s of benzol are agitated with four parts of a 10 per 
cent, solution of sulphuric acid in a separatory funnel. After a 
Ijiorou^di shaking, the contents iff the funnel are 'allowed to rest 
and the acid solution run off frd'm the bottom into a distilling 
flask and then mad(‘ alkaline with caustic .soda. The flask is 
connc^cted fip to it Liebfg condenser and a .steab\ generating 
apparatus, and the contents submitted to .steam distillation until 
about one-third of the Vedume in the distilling flask has come 
over. Wlicm the distillate, is cold 90'^ Tw. caustic 'soda is added, 
and the bases whiVJi rise to* the suri'ice. If sufficient, are carefully 
separated and measured. , , , 

Total Sulphur m Benzol. — The following metliod, if carefully 
coy.ducted, will give very satisfactory results. It is a modifica- 
tion of a te,st pithlished by Irwin. Into a 2-oz. spirit lamp pro- 
vid/^'d with the usual unplaited 'wick, which is kept very short on 
the burning side, are placed 2 c.c.’s of benzol, which should be 
measured in from a burette at 60'' F. On the top of the benzol 
are poured 20 c.c.’s of 90 per cent, alcohol B.l'., and the lot 
carefully mixed. The spirit lamp is placed under the trumpet 
stand of the Metropolitan (ias Referees’ sulphur test apparatus, 
the burner portion projecting through the centre hole where in the 
ordinary course the gas burner should be. The Gas Referees’ 
apparatus is prepared in the same fashion as when determining 
the sulphur in a sample of coal gas ; that is, a little powdered 
ammonium carb6nate is sprinkled over the top layer of glass 
marbles in the condenser and a few small lumps placed round the 
burner top. The lamp is lit immediately it is placed under the 
trumpet and allowed to burn at such a rate that it will take about 
if hours to consume the contents. Immediately the lamp goes 
out it is removed, and a further 5 c.c.’s of alcohol placed in it, 
and this burnt under the apparatus until the lamp goes out, the 
time taken being about 20 minutes. The flam(3 should be almost 
colourless at the end of the process. The whole of the apparatus 
is,washed dowm with distilled water in the usual fashion into a 
beaker, and the sulphur estimated in the usual way and if desired 
calculated to CSg. There are oth(fr ways of estimating CSg in 
benzol, such as the phenylhydrazine test and the copper xanthate 
method. The reader i? referred to Allen's Commercial Analysis 
and other auth(?rities on analytical matters for these tests. 

Estimation of Fatty Hydrocarbons. — This ^ test is soipetiines 
applied to benzol, especially when it is intended for- the manu- 
facture bf nitro-compounds. Lunge gives the following process : 
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One hundred, graiith^es ?)f beizol aie initiated with 125 gjanaii^rffe 
of sulphuric acid, specific gravity i.§4, and 125 grammes of 
nitric act;iof a specific gravity of 1.5, at n temperature not ex- 
ceeding 30° C. The crude •rtitro-bcnzol is separated frfim the 
acid liquid in separating fuduH, neutralised with caustic soda, 
and distilled by means of steanuuntil a sample of the distillate 
sinks in water" The distilled oil is separated frdm water and 
placed in a 50 ‘CX. stoppered Und grauuaied cylinder, and to^ 
this 15 to 40 ex.’s of the mixed^ulphuric and nitric acids* made’ 
as before d( ■ ribed, are gradually addv'd with occasional shaking 
until tlm voiflmc of the oil ceases to diminish? Any •unchangea 
benzene aad toluene are dissolved in the acid mixture, and the 
fatty hydrocarbons, being unacted uj^ai, will float on the top 
and their volume may be read off. Jhis volume ie* calculated 
as p mounting to 60 per dent*, pf the mty hydrocarbons actually 
present, and the ^est is only mryde if there is reason to expect 
a somewhat large ])roportion of these substances. 

V.\LUATiaN OF Crude Naphtha for Yikl^) or Benzol, etc. 

Crude naphtha and crude benzol are examined for the yitld* 
of light products in the chemical laboratory by the i^fllowing 
method : I'ive hundred c.c ’s. of the oil arc placed in a dis- 
tilling flask fitted with a 5-bulb Glinsky or Ic Bel lienninger 
distillation head. The delivery tube of this latter piece of 
aT)pa;’atus is connected up to a Liebig condtfliser. Distillation 
is commenced and the amount of di^^illate which comes over 
below 200® C. is collected and the percentage read off. ^This 
distillate is then washed, first with about 60 ex.’s of 60° Tw. 
c.uistic soda, using a separating funnel. Th§ alkaline liquor 
/iiich sepai ates is carefully removed and the shrinkage in the 
oil caiefuliy measured. The oil is then washed once or twice 
with water,' care being taken of course to prevent loss of oil when 
separating the water, and then agitated with B.O.V. of about 
140° Tw., T\yo washes of 2J per cent, being given. Ihe acid 
liquor which separates is carefully removed, and the oil then 
giv'^n one or two water washes, after which it is washed wfth 
50 c c ’s of 20" Tw. caustic soda and then with one wash of water. 
It is then allowed to rest to separate the last traces of water, 
and the shrinkage of oil carefully measured. The entire quafttky 
of the washed oil is now placed into a distilling flask fitted with 
a Glinsky or le Bel Henninger head, as just described, and the 
following fractions are collected : 

Drop to 100° C. equals 90’s benzol. • 

100 y 120° C. „ 5o’s-9o’s benzol. 

' ^0 160° C. „ solvent naphtha. 

160 „ 190° C. „ heavy solvent. 
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I tic bottoms are also measured, dt should ‘be added that the 
volumes of these fractions will give only an approximate idea of 
what is obtained in tfic works, but at the same time^liey form 
a useful guide when bu5dng say erhde bencol or crude naphtha. 

in the case of crude naphtha' the percentage at 120° C. is 
often determined by using a vetort and condenser as just de- 
scribed under benzol tests, and of course the specific gravity 
,is always taken. It is advisable to test the crude naphtha for 
tar acids and basic bodies by the methods already given. 

Naphthas 

Distillation . — ^The vafdous qualities of naphtha are tested in a 
similar apparatus to that^used for benzol, wbether it is required 
to control the ^lorking o^' the naphtlia still or the quality of 
the products to be offered for sale. A special thermometer is 
used, graduated from 90“ to 200'’ C. in half degrees, and this is 
placed in the retort in a similar position to that occupied by the 
benzol th9rmofnct(?r. The drop point and the percentage at 
/iGo°, 170'^ or 200° is read oft according to the quality of the 
naphtha. 

Specific Gravity.— This is taken by a hydrometer or in the 
Regnault specific gravity bottle. 

Flash Point . — This is determined in the Abel test apparatus, 
in a similar fashipn to that used for the determination of the 
flash point of petroleum. 

Pyridine Bases and Tar Acids . — It is advisable to examine 
solvent naphthas for pyridine bases and also for tar acids. The 
latter substances are estimated as already described (sec page 
236), and the fihmer (unless suspected to be present in more 
than traces, when the test described under benzol is used) by the 
following method, which is known as the Weber test for pyriine : 
Shake out 100 c.c.’s of solvent naphtha with 100 c.c.'s of dis- 
tilled water in a separating funnel. Take about 15 c.c.’s of the 
water extract and add to it i c.c. of a 10 per cent, solution of 
copper sulphate. Bring the mixture to boiling point. It is 
required that no turbidity occurs. According to Weber, if the 
mixture remains clear the solvent naphtha is free from pyridine, 
01 the amount it contains docs not reach more than one part in 
1500 parts of solvent naphtha. A very faint turbidity after 
standing 30 minutes will be equivalent to approximately .06 per 
cent., and a pronounced bluish white tubidity to o.i per cent. 
If the quantity of pyridine exceeds o.i per cent, a copious pre- 
cipitate results, ''and should 0.3 per cent, be present a dense pre- 
cipitate is at once produced. If the solvent naphtha be r/^quired 
for rubber, works, this test often has to be used, a'nd also the 
followinig : Twenty-five c.c.’s of R.O.V. and 75 c.c.’s of the 
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solvent naphtha, are placed ^n a stoppered and graduated t«st 
mixer. The mixture is well agitated and allowed to rest. The 
R.O.V. sjibuld not increase iji bulk more*than 4 c.c.'s, making 
a total of 29 c.c.’s, a^d the colour should not be more than a 
deep orange. • 

Another test .dten used for f)yridine is to extract 50 c.c.’s 
of the solvent naphtha with 5(^ c.c.’s of^P.O.V. in a separating 
funnel, allow to* rest, separate fjie acid extract, neutralist with*, 
fairly conce^drated caustic soda, say <^0° Tw., and see whether 
pyridine can og detected by the sense - t smelL 
• • • • ' 

* Valuation.of Light Oil, etc. 

Theie are several methods of testMg light oil in order to 
obtain an idea* of the jneld of light, products wliidi may be 
exp'^cted in tlie works. *One«of the methods is the following : 
Five Imndred c.c.^ of the light oil are placed in a distillation 
flask fitted to a 5-bulb Glinsky or le Bel Henningcr distillation 
head and Liebig condenser. The flask is L.'alcd with a bunsAi 
burner, and all the distillate wliich comes ‘"^ver^below 200° C. 
collected and the percentage read off. This distillate is washid * 
first wig'll about 60 ^.c.’s of 60^ Tw. caustic soda, and th^m once 
with about the same volume of clean water, after which the loss, 
due to the» alkaline wash, is carefully measured and the per- 
centage noted. It is now washed with 5 per cent, of B.O.V. 
in two 2 \ per cent, quantities, and then three (times with about 
60 c.c.’s of water, after which an alkaline wash is given, using 
abouc 50 c.c.’s of 20“ Tw. caustic soda, and finally a wash with 
50 c.c.’s of clean water. The loss in volume of oil is carefully 
measured, and the washed distillate is then placed in a dis- 
ti’ixtion flask and distilled up a fractionating fiead, using one 
or other of the types just mentioned, and tlie foiiowing fractions 
collected : 

1. Drop to TOO® C. equals 90’s benzol. 

2. TOO® , 120® C. ,, toluol. 

3. 120® ,, 160® C. ,, solvent naphtha. 

4. 160® ,, 185® C, ,, medium heavy naphtha. 

5. 185® .. 200° C. ,, heavy naphtha. 

The results are calculated on the original oil and tabulated as 
follows : 

Distillate above 200® C. . . . * . per cent. 

• Loss by soda and water wasliing* . . 

Loss by acid, soda and water washing . ,, 

90’s benzol ^ 

Toluol ,. 

Solvemt nt^htha* 

Medium heavy naphtha .... 

Heavy naphtha . - . ,, 
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* . Spcaijic Gravity. — ^This is taken by one of the methods already 
described. 

Tar, Acids and Pyridine Bases. — ^'Fhe processes for ^imating 
these substances have been descriKefi already. 

Cresylic Acid 

Sp/;cific Gravity. — This constant is dctermmed either by a 
hydrometer or specific gravity bSttle. 

, Water. — This material is usually estimated by distilling care- 
fully 100 c!c.’s of {he»'-iaiiiple in an 8-oz. retort unfil all the water 
and 10 c.c.’s of oil have been collec/ed in a measure. A little 
benzol is then added to f 5 fb contents of the measure, with shaking, 

' and the mrixture allowed, to stand in order to enable the water 
to separate, when a clear 'reading may 'be obtained. 

Distillation. —Tin'S test should be conducted in a W.urtz or 
distillation flask connected to an air condenser. The percentage 
of distillate is read off, as a rule, at the following points : 194° C., 
196 C, loS*" C', C., 202° C., and 204“ C. 

* Naphthalene and Neutral Vils. — This is not an easy test to 
cari'y out, and at the best is only approximately accurate. 
Twenty grammes of the sample are taken and placed in a separat- 
ing funnel. The beaker in which the 20 grammes w«re weighed 
is rinsed out with 100 c.c.’s of 15 per cent, caustic soda and the 
rinsings added tp the cresylic acid in the funnel. The lot is 
well shaken, and when the acids have dissolved 100 c.c.’s of 
distilled water are added with thorough agitation. If a clear 
solution results, then naphthalene and neutral oils may be 
considered absent, but in the case of marked turbidity, the 
mixture is ext/keted with light petroleum ether, which is dry 
at 75° C., the extract carefully separated, run into a weighed 
beaker or flask, the ether cautiously evaporated off on a water- 
bath and the residue weighed. 

In cases in which the cresylic acid contains a fairly large 
quantity of oil and naphthalene, the following rough test may 
Ve used: Into a 100 c.c. stoppered test-mixer 40 c.c.’s of 60® 
Tw. caustic soda arc placed, and on the top of this 40 c.c.’s of 
cresylic are carefully poured . The two substances are thoroughly 
mixed and Then allowed to cool down to 60° F., after which 
5 c.c.’s of benzol are added and the lot shaken up. The contents 
of the test mixer are now ^llovfed to -stand in order that , the 
benzol may separate, together with any oil and naphthalene 
which it has dissolvc-d ; the increase in volume of benzol may 
be taken as ^il. The writer does not altogether approve of 
this test. r ^ 

Tar Acids in Cresylic. — If it is desired to estiirtate these, th^ 
following method may be used : One hundred c.c.’s of the sampll 
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measured at 60° F. are placed iiito^a separating funni^l aiyf 
about 100 c.c.’s of 60° Tw. caustic soda, added to the same, and 
the lot well'jshaken until the cresylic has disiolvcd. The solution 
is then extracted with* light *p*etroleum ether, the ether extract 
carefully separated, anA the cresylate of soda filtered through a 
little glass wool in+o a large beakei*. It is brought up to the boil 
and kept at this point for about tv/o minutes, after which it is 
allowed to cool down. It is then place(i ih a separating fiymel, , 
the beaker being rinsed out with*a little water and the tar acids 
thrown up the addition of dilute B.O.V. A sufficient length, 
of time is gi veil* for the tar acids to sepaVata pA)perly,*wlien the 
subnatant sulphate of soda liquor is separated, and the tar acids 
run into a measure and the volume read^lff. 

Sulphuretted'' Hydrogen and Sulphur Compounds ^. — During 
the manufacture of cresof it is necessify to test it for sulphur 
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compounds, and it is also advisable to examine samples which 
are being purchased for the same substances. The method 
generally used is to place about 50 c.c.’s ol the cresol in a flask 
fitted with air inlet and outlet tubes, the inlet tube dipping 
l^nto the cresoL The outlet tube is connected to another flask, 
which in its turn is fitted to a filter pump. In this flask a piece 
of lead acetate paper is suspended in such a position that it hangs 
over the air inlet tube. Air is aspirated through the cresol by 
means of the filter pump, and during its passage through the 
second flask it comes in contact with the acetate paper. 
Should sulphur compounds be present .the paper wilr turn* 
brown or black. A good sample of cresylic will not blacken 
an‘ acetate paper after 15 minuteS. Fig 78 illustrates the 
arrangement of the flask?, etc. 

Meta-Cresol — Cresylite Test 

There is a special grade of cresylic acid manufactured which 
contains a considerable quantity of m^ta-cresol. This material 
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is used for the manufacture of trinitro-meta-cresol. There are 
two methods of testing this substance, one of which is known as 
the short test and t\ib other as the long test. They«Sre carried 
out as follows : " ‘ 

Short Test , — ^Tcn grammes of the cresol are placed in an 
Erlenmeyer flask and 15 c.c.’s Of 66° Bt\ sulphuric acid are added. 
The lot is well agitated, and then heated for one hour in a steam- 
oven After this the sulphopated mixture ii; poured into a 
i-htre flask and thoroughly cooled under a water-tap. Into 
the Erlenmeyer flask in which the cresol was sulphonated 
90 c.c.’s of 40° B( 5 . rritric acid art' placed and thoroughly shaken 
until the sulphonated material adhering to the flask sides is 
rinsed off with the actiy. It is then cooled a little and trans- 
ferred rapidly to the contents of the litre flask. The lot is now 
vigorously shaken. In a few minutes reaction will take place. 
The mixture is now allowed to stand until tho reaction is finished, 
when it is emptied into a large porcelain basin containing 40 
c'.c.’s of cold water. The flask is rinsed out with another 40 
c.c.’s of cold wat^r and the ^rinsings added to the contents of 
the basin, after which the lot is allowed to remain until the tri- 
nitro-mcta-cresol crystallises out. It is then filtered through 
an ordinary filter paper, the crystals dried in a steam-oven at 
95 to 100° C., and weighed ; the result multiplied by 10 equals the 
cresylite test. 

Long Test . — \ retort of a capacity of i litre is fitted with a 
cylindrical dropping funnel, provided with a stop cock, holding 
about 50 c.c.’s. The retort is placed in a spherical sand bath, 
about 14 cm.’s in diameter. The operation must be conducted 
in a fume cupboard. Into the retort 50 grammes of nitric acid of 
40° B6. strength are placed and gently warmed to a temperature 
of 80° C. In the meantime 50 grammes of the sample of cresol 
are mixed with 125 grammes of sulphuric acid and allowed to 
stand for an hour. After this time has elapsed the contents of 
the flask are run into the dropping funnel and the flask inverted 
over it in order that it may thoroughly drain. The sulphonated 
cresol is allowed to drop into the nitric acid at such a rate that 
the whole of the contents of the dropping funnel will take be- 
tween I J tq 2 hours to run into the acid. The temperature must 
' bd' kept at 80° C. the whole of the time and regular ebullition 
maintained. Red va5)ours are given off, and should these 
vapours whiten towards the finish, the test must be repeated 
with a larger quantity of nitric acid. The nitric acid should 
not be in great excess as the trinitro-meta-cresol is appreciably 
soluble in mother liquor charged with nitric acid. Immediately 
the whole of the sulphonated cresol has dropped intoihe nitric 
acid, Jhe gas flame is removed and 20 minutes allowed to 
lapse, after which the contents of the retort are poured into a 
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large porcelain basin containing 400 c.c.’s of cold wated The 
mixture i'^.then left to cool for 24 hour?;, and the crystals which 
form are carefully separated, from the mother liquor by decant- 
ing the latter pito a Hilter ftainel provided with a perforated 
filter disc and covered with rou^d filter paper. The mass of 
crystals in the basin is melted in 200 c.c.'s of water, allowed to 
cool, the mother, liquor removedms just ’aentioned, the crystals 
broken up. allowed to drain, dried at 50° C., weighed,'* and»* 
multiplied by two. 

CarbcAic Acid ' 

Specific Gravity. -—This constant is Aj^termined by a hydro- 
meter or specille gravity bottle. , 

Water . — This is generally ^determined during the carrying 
out of t]ie crystallising test. 

Solubility. — Th^ sample is required to answer the following : 
Fifty c.c.’s of the crude carbolic acid must be completely solublp 
in 100 c.c.’b of caustic soda of a specific g’'avii''’ oltf .10. 

Crystallising Point . — ^There are ^me or two method^ of carry- ^ 
ing this out, but that generally used for the buying and selling m 
crude carbolic acid is the following ; and it is known in the trade 
as Lowe’s jnctliod : Into an 8-oz. tubulated retort, having a 
neck about 15 inches long, 100 c.c.’s of the crude acid to be 
tested are placed. No condenser is connected to the beak of 
the reiort, and the distillation is so regulated ’that no vapours 
are given off, and the operation occupies about two hours. 
Clean, dry, graduated cyhnders must be used for the collection 
of the distillates. Into the first receiver 10 c.c.'s of oil and all 
the water (which latter shall not exceed 15 c.c.’«) are collected. 
The next 62^ c.c.’s are collected in the second receiver, well 
mixed, and cooled slowly to near the expected crystallising point. 
A fiinall quantity of pure crystals is then added, and the cooling 
continued — stirring all the time. When the distillate is crys- 
talline throughout, the thermometer (a Fahrenheit graduated 
in one-tenths of a degree) is read ; and the figure indicated is 
taken as the ciystallising point of the crude acid. It is ofte*n 
necessary to employ a cooling solution, and when this is the case, 
care must be taken that the temperature of this solution is pot 
more than 2^ F. below that at which Ijie sample is ejf^ectefl 
to .crystallise. • 

With low crystallising acids — e.g. 50’s and 45 ’s, etc.— the 
determination of the point at which the fjjst crystals appear is, 
unfortunately, rather a tedious process, and with the object of 
rendering it easier and quicker, the writer and his assistant ^ 

^ “ Investi^a 1 :ions on Coal Tar and some of its Products.” English 
Junior Gas Associations' Joint Proceedings,^ 1911*12, Sec. M, pp. fo5-i25. 
The Gas World, March 2, 1912, p. 284. 
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made numerous experiments with a modified method, with 
very encouraging results. Up to the collection ^ the 62| 
c.c.’s of acid in the second recek/er, tjic process is identical 
with Lowe’s. The modification^ consist's in jnst half filling a 
test tube 5 inches long by inch in diameter with the well-mixed 
distillate, cooling while stirring until the contents of the tube 
are crystalline throughout — adding a small cr^tstal of pure acid, 
if necessary — removing from the cooling mixture, and stirring 
slowly, at a temperature of about 60^ F., until all crystals 
"disappean Xhisft p9piK is called the liquefying point ; and if 
2.5 is deducted from the figure obt^^ined, the crystallising point 
of the acid is found. /Jhis figure was arrived at by taking the 
average q-f fifty experirnents, the highest diff6rencc being 3.0 
and the lowest c.2. * 

A handy method for use ip trie works when makings, mixings 
is the following, and this method may be termed a short test : 
One hundred c.c.’s of the crude carbolic are distilled in an 8-oz. 
retort until all the. water and 10 c.c.’s of the oil has come over. 
A further 20 c.c.’s of the tar acids are now collected in a perfectly 
dry cylinder, the crystallising ixrint determined, as already ex- 
plained under Lowe’s test, and from the figure obtained 8 is 
deducted, when the result will indicate approximately the actual 
crystallising point. Another short test is the following ; Into a 
three-bulb Ladenburg flask of 150 c.c.’s capacity, 80 c.c.’s of 
crude carbolic are placed. The flask is connected to a 12-irich 
Liebig condenser, the jacket of which is filled with water, but no 
flow is maintained. All the water is distilled off, and 8 c.c.’s 
of the oil. Then into another perfectly dry receiver 50 c.c.’s 
of the tar acids are distilled and the crystallising point taken. 
If the figure i is deducted from the result, the crystallising point 
obtained by the long test is found approximately. 

I'ar Acidic in Phenolate . — In order to control the working of 
the carbohe (and also the cresylic) plant, it is necessary to deter- 
mine the amount of tar acids in the phenolate. This can be done 
rapidly by the following method ; One hundred c.c.’s of the 
phenolate arc placed in a separating funnel and dilute B.O.V. 
(1:2) is added until the mixture is strongly acid to litmus paper. 
The lot is allowed to stand for a few minutes in order that the 
‘tar acids may sepai;ate completely, after which the sodium 
sulphate liquor is removed carefully and the volume of the tar 
acids measured. 

o'" 

EsTiMAlioN OF Carbolic Acid in Crude Phenols 

Mm. Ren^ Masse and Henri Leroux have pi-'csented to the 
French Academy of Sciences a note upon carbolic acid and the 
estimation of this in crude' phenols from tar. The method still in 
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use for the preparation of caroolic acid is that devised by Laurtfnt 
in 1841, namely, (i) Separation of phci^ls from creosote oils 
by shaking up with soda, acidification to set free the crude 
phenols, and (^) the ^jxtractisn of the carbolic acid by rectifi- 
cations and crystallisations, (rood crude phenol, free from 
naphthalene, contains water, carbolic acid, orth,5cresol, meta- 
cresol, paracrespl, xylols and homologies, and phenolic tarry 
matters. The chemical propMies of carbolic acid arid the- 
cresols are t::) nearly related that tlue is no simple reagent 
whicli can separate them ; thus Koppe^.chaarjs bromine method 
will not work if both orthocresol and nietacresol be present. 
The physical properties, on the othe;;^hand, do enable us to 
discriminate. S'he . boiling points of phenol (carbolic acid), 
orthocresol, metacresol e>nd' paracresci at 76o.,mm. barometric 
pressure are^ respectively i8j^, 190.8°, 202.8° and 201.8° C. ; 
those (If the xylolf are 220° and -.25°. By fractionally distilling 
the crude phenol up to 203° C., and then fractionally distillir^g 
the fraction obtained between i8o°-203° h, uj)nto 198° C. (as 
described in the nc'xt paragraph;, we can find the (Juantity of^ 
carbolic acid in each of these fractions by determining their Re- 
spective crystallising points. Commercial carbolic acid, called 
40° to 42°, has a melting or solidihnng point slightly above 
40° C. ; comniercially pure carbolic acid has a melting point of 
40.85° C. When we add cresols to pure carbolic acid the melt- 
ing point falls steadily, and that to very nearly the same extent 
whatever be the relative proportions of ihe three cresols, so long 
as the cresols added do not exceed 33 per cent, of the whole. 
The melting point of the mixture thus depends on the per- 
centage of carbolic acid, and the curve of meking points is a 
straight line joining the two points phenol 100 per cent., 
melting point 40.85° C. and 66 per cent., 21° C, This is the 
b^Lsis of the following working method : 

Three kilograms of crude phenol arc put in a still with copper 
vessel of 4 litres and a Vigreux column of 24 inches. The 
distillation is maintained at 7 to 8 c.c. per minute, and the 
following fractions are taken : (a) up to 180° (=water a^d 
phenols) ; (6) 180° to 203° ; (c) above 203°, 100 c.c. only. To 
(a) add enough chloride of sodium (35 per cent.) to precipitate 
the phenols contained in it ; decant thes^ phenols and add thefb 
to (h). Put (h) into a flask, of sufficient size ; wash out the 
vessels with liquid (c) and add tliis to (h). The liquid (h), with 
its additions, is now fractionally distilled at 4 c.c. per minute. 
The fractions taken are from 250 to 300 g^mmes»each, until the 
temperature of the vapours reaches 198° C. The sohdifica- 
tion pofnt cjt eacliP fraction is then determined. A test-tube 
determination gives a rough indication ; but with 30 to 40 
grammes, allowed to cool slowly until supercooled by 1° or 2°, 
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thv) addition of a trace ot crystallised carbolic acid determines 
crystallisation and the tcxuperatnre goes up to the true melting 
point. ^ If in the tesc-tube trial, the required temperature is 
below 21° C., add carbolic acid in known? quantity sufficient to 
bring the percentage of carbolic acid above 66. 

This method enables the carbolic acid in a crude phenol 
to be estimated witliin i per ecnt., which is as near as could 
be expected with so complex a mixture as crude phenol. 

^N'.iiRACENF. Tests 

Crude and refined anthracenes aie tested for the percentage 
of actual anthracene by what is known as Li'ck’s test. The 
following materials are required : CJromic acid soUition . — This 
is made by dissolving 150 grammes of chromic acid (CrO^) and 
100 c.c.’s of glacial acetic acid in 100 c.c.’s'-of distilled water. 
Fuming Sulphuric Acid Mixture . is jircpared by mixing 
equal parts of pure sulphuric acid of a specific gravity of 1.84 
and Nordliausen sulphuric acid of a specific gravity of 1.92. 

" The test is carried out as follows : One gramme of the sample 
is placed in a i-litre boiling flask, and to it is added 45 c.c.'s 
of glacial acetic acid. The flask is connected to an air-cooled 
reflux condenser, and then placed on a sand-bath and the con- 
tents boiled until the anthracene is dissolved. In the mean- 
time 23 c.c.’s of the chromic acid mixture are placed in a dropping 
funnel, the stem of which is inserted into the top of the reflux 
condenser. As soon as the anthracene is dissolved in the acetic 
acid, the chromic acid mixture is allowed to drop into the solution 
at such a rate that it will take two hours for the whole of it to 
run out of the dropping funnel. After all the chromic acid 
solution is in, the mixture is boiled for a further two hours and 
then allowed to stand for twelve hours. It is then diluted to 
500 c.c.’s with distilled water and allowed to remain at rest 
for one hour, after which it is filtered through a hardened filter 
paper and washed with (a) 200 c.c.’s of cold water, (h) 300 
dc.’s of boiling water, (c) 300 c.c.’s of 2^° Tw. caustic soda, and 
(d) 300 c.c.’s of boiling water. The precipitate is now washed 
into a tared*porcelain basin, dried on a water-bath, and finally in 
stea'm-oven, and then weighed. The weight obtained gives 
a figure which when multiplied by.85.6 is recorded as the common 
test. To the material in the basin is now added ten tim6s its 
weight of the fuming sulphuric acid mixture, after which it is 
heated on a ^ater-bath until the whole mass has crystallised. 
This will take between 10 to 15 minutes. It is then stood in a 
damp place overnight, and the following morning dilated with 
200 cic.’s of cold water, after which it is filtered through a 
hardened filter paper and' washed with boiling water, soda, and 
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boiling woler, befoft?. T^lie picciintate of qiiinonc is thoii 
washed into a tared pomlain ba^in, dried in a stcam-o^en ^d 
weighed. weighing, tlie Ixisin and contents are gently 

heated in order to vp]atilise.*the quinone, and when cfeld the 
basin and ash g.rc re-^eiglied.* Tlie difference between the first 
and the second weigliings gives,, the weight of anthraquinone, 
and this multiplied by 85.6 will give the pctcentage of actual 
anthracene in tife sample. • • 

Maievial Insoluble in Benzol (Sand, Dirt, etc.). — Five gr^finme^ 
of aothraf'CM'^ are transfern'd to a previously weighed extraction 
thimble, plac^xi in* a Soxhlet (^\trartion»apmr;itus and extracted 
with benzej in the usual wa^ until the benzol leaves the apparatus 
coloLirhss The thimble is tlun iemo¥id, freed from. benzol in 
a steam-oven, coolixl, and weighed. The increase ijj weight of 
the thimble indicates insftlubhi matter^ It is necessary of course 
to cov 'r tlu. extraction thimble^ with a piece of filter paper, 
the edges of wliicTi may be bound with platinum \virc, or else 
use a plug of cotton wool. . * 

Paraffin in Anthracene. — This may be e •iilmatcd as follows : 
Ten grammes of the sample are w'figlu'd into a large beaker and^ 
to it are added 108 c.c.’s of concentrated sulphuric acid, 'file 
mixture is heated on the wat(T-bath until all the aiiHiracene 
is dissolved tneii it is cooled and poured into 400 c.c.’s of cold 
wat( r contained in a 1000 c.c. separating funnel. The mixture is 
allowed to cool and is then extracted twice witli light petroleum 
ether (dry at 75^ C.). 'fhe petroleum ether extracts are bulked 
and washed in a separating funnel, first with half its bulk of 5° 
Tw. caustic soda, and then four times with one-eighth of its 
bulk of cold concentrated sulphuric acid, and after this with 
old water until free from acid. It is then aMowed to settle, 
any water which separates removed, and then transferred to a 
fared flask, and the ether distilled off and the residue weighed. 

Examinatio-n of Caustic Liquors, Spent Liquors, and Lime 
Mud in connection with the COg Process for Manu- 
facturing Tar Acids , 

Spent Liquors. — It is essential that the causticised spent 
liquors be kept up to a standard strength as regards the per- 
centage of actual caustic soda, and ojving to the fabt thit 
impurities, sometimes to a m(¥leratcly large extent, are always 
present in these liquors, it is not possible to control the strength 
with any degree of accuracy by the usc,pf a hydrometer. It 
is necessary, therefore, to titrate the spent liquor with a standard 
acid solution for t]je amount of alkali present (calculated to 
sodium carbehate, NagCOg), and then to add an amount of soda 
ash to the bulk of spent 'liquor in the causticisers to bang up 
R 
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the strength to the normal The best results seem to be obtained 
• caifeticising spent liquor whicli contains lo grammes of 
NagCOg per loo c.c.’^ The writer advises tarwork^' chemists 
who have control of sl CO2 plant ^or tar acid recovery to work 
out a table for themselves, showing the amount of soda ash 
required for each causticiser as indicated from the results obtained 
from his analysis,- allowing of 'course for the impurities in the 
soda ash used. For instance," assuming the “^jpent liquor on 
analysis showed 9.8 grammes oFsodiiim carbonate per 100 c.c.’s, 
then the material in the causticiser would require approximately 
57.8 lbs. of. soda ash (58 < per cent., alkali) for eveiy 100 gallons. 
The titration is carried out in the usual manner, but, the liquor, 
as it is generally very dark, must be well diluted, and an indicator 
such as laemoid or cochineal should be used. * 

Estimaiion of Caustic'^ Soda ip 'Lr,ne Mud.— This may be 
rapidly estimated with a fair degree of rxeura^ by the following 
method : Twenty grammes of the mud are weighed in a 250 c.c. 
bpaker and 100 c.c.’s of hot water poured on top of it. A gentle 
stream of carbonic .acid is passed into the mixture for about ten 
minutes, dftcr which it is bciled, filtered, and the precipitate 
w&shed, the filtrate and washings being run into a 200 c.c. 
measuring flask. The contents of this flask are allowed to 
cool to 60° Fahr. and then made up to 200 c.c.’s with distilled 
water and well mixed. An aliquot portion (say 25 c.c.'s) is 
then removed by means of a pipette and titrated in the usual 
fashion, calculatirJg to NaOH. 

Estimation of Actual Caustic Soda in a Dark-coloured Causti- 
cised Spent Liquor. — As the causticised spent liquor is always 
very dark in colour, it is not possible to estimate the amount 
of caustic soda m the presence of carbonate by the method of 
double titration, which is used in the case of commercial caustic 
sodas. The following method gives very satisfactory results 
Fifty c.c.’s of the dark-coloured liquor (free from lime precipitate) 
are brought up to a temperature of 100° C. Barium chloride 
solution at a temperature of 05° to 100° C. is now added until 
no more precipitate forms. The lot is filtered while hot into a 
2^0 c.c. measuring flask, the precipitate and filter paper washed 
with a little boiling water, and when cold the filtrate and washings 
are, made up to the mark with distilled water, and an aliquot 
pbrtiorf taken and titrated for caustic soda in the usual fashion. 

Testing the Coke Furnace Gases for Use in the COj 
‘Tar Acid Process 

It is ad\isable that frequent tests of the g^ses be mad^ as they 
leave the coke furnace, in order to control the effibient working 
of theUOg tar acid plant. The most convenient apparatus tQ, 



f ARWORKS’ TESTS 


259 


use for tliis purpose is* the Orsat. The manipulation of thig 
apparatus is so simple that aft intelligent works plant man mity 
be taught how to use it satisfactorily in-a very short time. It 
advisable to estimate ^the c^rjion dioxide* oxygen and farbon 
monoxide in each exawiinatioiv . 

._Xhe deliveries of tins material should be examined 
for the amount 01 water, ash, ana sulphur, and sampling before 
analysis must b^f carried out wiUi care by one of the approved 
methods. To estimate the waterf twenty grammes of the gsound 
coke are h^'aled in an air oven to a te:nperature of no C. untiJ 
of constant vieight. The ash js aetenejned by burning oh twi 
grammes of the coke in a platinum dish andVeighing the residue. 
Sulphur in coke may be estifaated ‘ly Si^^ck’s method which is as 
follows : One gfamive of coke in fine powdn is mixed in a round- 
bottomed platinum cajisule* with apT)roximatgly ode gramme 
of half-hydrated caustic, linu*. moistened with water (i c.cj, 
rapidly dried, andthen heated in h muffle to bright redness until 
all carbon has disappeared. The mass is allowed to cool, trans- 
' ferred to a beaker, twenty c.c.’s of cohl dl^bjle dewater and hve 
“c.c.’s of bromine water added, and then 7I c.c. s of i^re strong ^ 
HCl after which the lot is boiled for five minutes. The conteifts 
of the beaker arc then passed through a filter paper (filtri^te must 
be bright) the lieaker and the filter being well washed and the 
washings added to the filtrate. The filtrate and waslungs are 
then boiled, and whilst boiling 10 c.c. of a 5 per cent, solution of 
barium chloride is added, after which the bod ing is continued 
for half an hour. The precipitated barium sulphate is filtered 
off and weighed in the usual maiimu- and the amount calculated 

into sulphur. ' . , 

Half-hydrated lime is made thus : Caking a quantity ot 
marble and divide the powder into two portions 
these add exactly the weight of water necessary to form Ca(OH)a 
and then mix with the other half. 

Determination of Benzenoid Hydrocarbons in Coal Gas 

Pending tlic discovery of something better, the followiig 
methods are given. They arc said to yield satisfactory results 

if carefully carried ouc.i . * 1. 

To estimate benzol or toluol m coal gas by absorptioft is 
a rather difficult test, as at least 100 ctibic feet of gas should 
be treated, the content of these oils being so low. But the oleic 
acid test for light oils in gas is as a works test fairly reliable 
and useful where a stripping plant is in’tise. Ihree bubbhng 
bottles should be used (about i-inch seal m each bottle) con- 
taining the eleic ac!d (oleic acid B.P. is used), and a conveniept 
1 See Gas World, Coking Section. Aug. 1916. p. 13. 
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amount of gas, say lo culfic feet, bubbled tlurough. ..After this, 
thb corftents of the bottles should Be steamed, i.c. steam bubbled 
throftgh and condensed by passing through a suitable^condenser, 
a meai'uring cylinder V'ing providofl to recei\'e the condensate, 
which consists of water and lights oil. The latter can be easily 
read off, say as c.c. per cubic^foot, and can be calculated to a 
convenient standard, say gallons per ton of coal (4543 c.c. to a 
gallon). Ten to hfteei? minutes' should be allovC^ed for steaming. 
<»in that time all recoverable liglit oil will have come over ; and, 
of course, after a serit's of tests, if the oil be retained, there 
Y/ould be 9 Huflicignl quaulity of if to fractionate h? the ordinary 
way, separating the \Vater by means^of a s(‘})arator, a;id the last 
traces by means of tlip, addition of a little calcium chloride. 
The oleic acid, after separation from water. as the result of the 
steaming, may be used agHn, and will last some number of tests, 
if a little fresh acid is added occasionally. ThisT^st i^. in use 
on several jdants. 

MuLLurds^METHor^ i-oK the Determination oe Benzol, etc., 

, ^ ' IN CefAL (Ias ? 1 

Miill/,‘r’s nu'thod consists in passing a measured volume of 
gas first through a washing and drying train (consisting of two 
bottles containing 25 per cent, caustic potash solution, one 
bottle with 25 i>er cent, sulphuric acid, and two large tubes filled 
with granulated anhydrous calcium chloride), and then through 
four weighed absorjhioii bottles of “ oleum petroleum.*’ These 
are connected to a fifth empty and weighed catch-bottle, followed 
by a drying tube and the gas meter. 1 nterposed between the two 
last-named is a, pressure gauge for correction of the results to 
N.T.P., if this is necessary. 'J'lie five weighed bottles are placed 
in a shallow tray and surrounded by ice. d'he train is connected 
to the gas main before the benzol scrubber inlet, and gas is 
passed through at a speed of 10 litres per hour. The increase 
in weight of the five bottles is taken as the weight of benzol, 
etc., in the volume of gas washed. A similar train fixed to the 
gas main at the scrubber outlet will indicate what amount of ben- 
zol is left in the gas, and from the two figures the scrubbing 
efficiency is arrived at. The test should extend over at least 
twenty* four liours, and be timed to correspond with the times of 
emptying the “ benzoT daily production ” tank, so that actual 
makes can be compared with the efficiency figures. The “ oleum 
petroleum *' of the British Pharmacopoeia is used. Its specific 
gravity should, be 0.S8, its boiling point 360° C., it should be 
non-volatile at ordinary temperatures, and should deposit no 
solids at 0° C. 

' 1 See Gas World, Coking Section, February 1917, p. 19. 
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Wilson ^ and Bradley 2 favour the use of peuuicuiu 
of oleic aci^. ^ The petroleum oil used mi^^st not yield anything 
under 200^^ C. when heated *in a retort, ('oal gas is ^)assecl 
through the pe^roleunt, and the increase in weight of the petro- 
leum after the jxissagc of the gas is considered as benzeiioid 
hydrocarbons, or else the petroleum is distifled ^fter the gas 
has been passed* tlirough it anA the distillate collected up to 
120° C. (or 165" C.) is assumed fo be cnide benzol. * 

There certainly a need for a rapid and reliable works test 
for beiizenoid-hydfocarbons imeoal gas.^’ 


Testing tjenzolised and Di-uENZfiMsED Oil eok Crude 
• BENZpL Content 

Tw(p hund|^ed c.c.’s of .the oil are ]>laced in a retort with the 
thermometer in flie liquid, frte retort is connected to a 
moderately long air-cooled, or a short water-cooled, condensir|g 
tube and any distillate u]) to 160" C. collect* iin '4 20 c.c. gradu- 
ated measure. 'I'his distillate' is co#isider(‘d as crude b(?nzol. 

Determination of Naphthalene in Coal CaS 

Macleod and Henderson ^ recommend })assing 0.7 cubic foot 
of gas per hour through a saturated solution of citric acid and 
then through a ten-bulb absorption tube contaidiing 2.6 grammes 
of recrystallised picric acid and about 100 c.c. of water. At 
the end of the test the contents of the absorption tube are 
washed into a 250 c.c. flask and heated to 40° C. (104° F.) on the 
water-bath until all the picric acid has dissolved.^ After cooling, 
the saturated picrate is filtered off and the unused acid titrated 
N 

with — soda. About 10 cubic feet of gas are passed through 

the apparatus, the actual amount being measured by the use 
of a meter. 

C. J. Dickenson Gair gives the following method : About 
350 c.c. of acetic acid (sp. gr. 1.044) are taken in two Woulff^ 
bottles or towers. A small Woulff’s bottle containing 150 c.c. of 
picric acid solution is also placed after the acetic acid bottles to 
act as a catch, and a measured volume of gas, not more than 3“ t« 
6 cubic feet usually, passed through at the rate of about i cubic 
foot per hour. If the gas is impure a bottle containing oxalic 
acid solution maintained at a temperature of 80° jC. is fitted in 
front of the bottles containing the aceti(?*acid. ^In the event 

^ Gas World, Cokin^Section, Dec. 2, 1916, p. ii. 

® Gas FPor/c^iCoking Section, jan. 6, 1917, p. 9. 

“ " Notes on Naphthalene m Coal Gas,” 1914, u. 299. 

Also J.S.C.L, 1913, p. 76. , 

^ J.S.C.L, 1905, p. 1279. 
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0^ there not being sufficient pressure to force the gas through 
the wash bottles, or ft the gas be under vacipim, use is 
.made bf a piece of apparatus which pulls the gas through the 
bottles by means of a water pump afid then automatically 
separates it from the water, the gas passing through the experi- 
mental metef at 'the ordinary atmospheric pressure. After the 
experiment is finished, the ace^ric acid and piCric acid from the 
bottles are mixed in a flask, aiid about 500 c.c. of concentrated 
picric acid solution added. Pure naphthalene picratc separates 
out at onct, in large flocl.'ulent masses, which have the advantage 
of being extremely easy to filter. Af^ er filtering, the naphthalene 
picrate is dried in vacuct ‘jr in a warm room, and weighed. 

Determination of the* Percentage of Benzene, Toluene 
AND Xylene in Commercial TofuoL, \nd the Analysis 
of Crude Benzol from Coal Gas, etc., only containing 
Negligible Amounts of Par.vffins 

By H. G. Colman, D.Sc., Ph.D. 

Through the great courtesy of Dr H. G. Cohnan the writer is 
enabled to place before his readers these methods of analysis 
in full : 

In devising a test for the determination of the amount of 
the three main^ constituents of commercial toluol, namely, 
toluene with benzene and xylene, the object aimed at has, 
been to work out a test complying as far as possible with the 
following conditions : 

(1) The results obtained should have a reasonable degree of 

accuracy. 

(2) The time required for carrying out the test should be as 

short as possible, consistently with fair accuracy of 

results. 

(3) The apparatus employed in the test should be such as 

can be obtained readily. 

As the result of a large number of distillations of varying 
mixtures of known amounts of pure benzene, toluene, and xylene, 
cairieifl out‘in an ordinary Wurtz distilling flask, it was found 
that if the distillation is carried out under uniform conditions,, 
it is possible to ascertain .with reasonable accuracy the per- 
centage composition of these mixtures by the determination of ,;,, 
the fractions (^/) boiling below 104.7^ C. and (6) boiling above ; 
115.9° C. Further experiments with similar mixtures of pure^ben- , 
zene, toluene, and xylene, but also containing small quantities of , 
the ofher .substances often present to a limited extent in compier-} 
cial toluoi, such as carbon bisulphide and cumenes, showed that : 
the presence of these does not materially influence ^he result^ 



TARWORKS’ TESTS 


263’ 


• # 

vf d.\. Ltible construded froni the results obtained with 

the mixtures of pure benzene, tolueros, and xylene may there- 
fore be erSployed with reasonable accuracy in the determination 
of the percentage ok these /constituents in commerci^ toluol 
which has been properly' washed with caustic alkali and sulphuric 
acid to remove ])henols and unsatuiatcd compounds, this being 
distilled under, the same condhgons as ^ere employed with the 
pure mixtures and the percentages boiling below 104.7° aneVabov* 
115.9° ^scei cained. 

The presence ®f paraffin hydrocarbons of similar Ipiling point 
affects the results of the tests, but an af)proximate correction 
on this account for quaiAities of pjy^llins not exceeding 4-5 
per cent, of the whple may be obtained from the specific gravity 
of the distillates. » ^ , * 

In the diagram, jyige 262, drawn up from the results 
of a series of tofts with mixtiiVes of known composition, the 
percentages boiling b(;low 104.7° given in order horizontally 
from left to riglit, and the percentages al'^vc 115.9° vertically 
from bottom to top. The perc^mtage of benzene fe found by 
noting the pvunt vertically above the figure giving the percentage* 
below 104.7°, and on a horizontal line with the figure shewing the 
percentage above 115.9°. From the position of this point with 
regard to the series of curves in broken lines, and numbered 13 
to 35, the percentage of benzene in the sample may be read off. 
In the same manner from the position of thif point with regard 
to the scries of curves in full lines, clnd numbered 50-75, the 
percentage of toluene in the sample may be read off. The per- 
centage of xylene is found by taking the difference between the 
sum of the percentages of benzene and toluene gnd 100. 

The diagram only holds good generally for samples contain- . 
ing from 50-75 per cent, of toluene, and for such as give at least 
5 per cent, and not more than 50 per cent, either below 104.7° 
or above 115.9°. great majority of cases the commercial 

samples fall within the limits named, but by a simple modifi- 
cation, the exceptional samples can also be analysed in a similar# 
manner. 

Mode of Carrying out the Test , 

Apparatus • 

* 

A standard Engler 100 c.c. distillation flask, as employed in 
the petroleum industry, having the follawing dftnensions : 
Internal diameter of bulb . . 6.5*centimetres. 

Length^ neck* .... 15.0 „ 

Internal diameter of neck . . 1.6 

. Ij^ngth of side tube . . • . lo.o „ 
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Vertical hciglii of side' tube aRovc 
surface of liquid when flask is 
charged with ico c.c. • ^ • 9-0 centimetres. 

' Angle of side tube . . t. . t 75.0 degrees. 

Round-bottomed flask of 150-200 c.c. cai)arity. 

A Young T2-b'jlb “ pear ” Iractionating column or other 
efficient column. , ^ 

' EFxicnt water-cooled confcitmser, perferably a lo-inch 
Liebig condenser with four bulbs blown on inner tul)e and placed 
vertically. Connection ^^ith distillation flask <may, be made by 
an adapter, or ‘by fusing an additional length of glass tubing 
on to the side tube of jask, and bending to fit upper end of 
condenser. ' ,, 

Set of 100 c.c. graduated cylinders.' 

Thermometi'.r registering from 50-15,0° C. and graduated in 
Jth degrees. ■* ^ 

Correclion of 100 c.c. Cylinders. — The graduations of the too 
c.c. cylinders so\d are sometimes incorrect to the extent of i c.c. 
The cylinders emplciyed must be standardisi'd by running into 
them known quantities of liquid, preferably toluene, fi'om an 
accurate burette. 

Correction of Thermometer for Barometric Pressure.— Each day 
before testing, the correction for barometer must be ascertained 
by placing the tliermometer in a distillation flask with the bulb 
just below the side tube, and boiling distilled watt*r in the flask. 
The difference between the observi'd thermometer reading and 
100° (Nat. Phys. Lab. Standard) is taken as the correction of 
the thermometer for that barometric pre.ssare. Thus if the 
water is found to boil under these conditions at 99.^°, and the 
thermometer registers correctly as regards scale graduation at 
100°, then 100 — 99.4° = .6° must be deducted from the readings 
of that thermometer corresponding to 104.7° and 115.9° (N.P.L. 
Standard) to obtain the actual points of interruption of the 
distillation to be employed at that barometric pressure to be 
equivalent to 104.7° ^i 5 - 9 ° corrected (N.P.L. Standard). 

If the water is found to boil at 100.2°, then 100.2°— 100 -- 0.2° 
must be added to the readings corres];x)nding to 104.7° and 115.9°. 

If the the^-mometer is not correctly graduated at 100°, then 
the concction is found by taking the difference between the 
observed boiling point of distille^ water in a distillation flask 
and the reading of the thermometer corresponding to 100° 
N.P.L. Standard. Thus if the observed boiling point of distilled 
water in the Wurtz flask is 99.4° and the scale graduation of 
100-4° thermometer corresponds to 100° (N.P.L. 

Standard) then 100.4 ~99-4 = i.o° must be^deduoted from the 
readings of ■ that thermometer corresponding to 104*7° ^.nd 
115.9° (N.P.L. Standard). ' 
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Standardising ofThermom^c,r. — thermometer used^houlcf, 
be standardised (with scale fully immersed) to the Natibmll 
Physical Lat)oratory Standard, ^nd the necessary scah^ corrections 
made. * ^ 

If a thermometer mis to be used tlie scale correetton of 
which is unknown, this may be i?tandardised*for ^he purposes 
of this test in tl^o following mam^er : 

A mixture of pure benzene, « toluene and xylene in k'iown^ 
proportions i.. made up (one containing jo ])er cent, of benzene, 
65 per cent, vj/, toluene and 15 jh'i cent^ol xylehe forpis a con* 
venient composition). Prom the diagram, •it will be seen that 
100 c.c. of kich a mixture slioiild give 7 c.c. distilling up to 
104.7'’ corr. and 20.5 c.c. Residue at corr., and the frac- 

tion 104.7-115.9“ should be loo— 22.7—20.5 =- 5/n8 c.b. 

100 c.c. of the mi xt mays th?n distilled in the manner specified 
above and tlib teifiperature on Miat tliermometer ascertained 
and noted at wliicli (after draining) 22.7 c.c. liave distilled over. 
The distillation is tlu'ii continiuHl, and the i ■ ’nij;^c’rature ascei*^ 
tained and noted at which (after, draining) *a further 56.8 c.c 
have distilled over. The two temperaturcis tlius ascertainwd 
represent the actual temiieratures to be employed as iaterrup- 
tion points of the distillation, with that thermometer and at 
that barometric pressure. The correction lor barometer, etc., 
at that time is determined by placing the th(‘rmometer in a dis- 
tillation flask with the bulb just below the side*tube, and boiling 
distilled water in the flask, the necessary correction being the 
difference between the reading thus found and too®. This 
difference, added to each of the temperatures found as above, 
givfs the actual corrected temperatures to \)^ employed as 
interruption points for the distillation with that tliermometer, 
equivalent to 104.7® and 115.9® corrected N.P.L. Standard. 

, Thus, for example, if it is found with a thermometer that 
with the above mixture the temperatures required to give 
22.7 c.c. of the first fraction and 56.8 c.c. of the second fraction 
are 104.0° and 115.7® respectively, and that tlie boiling point 
of distilled water at the same time is found to be 99.5, thifli 
the actual corrected temperatures to be employed when using 
this thermometer to correspond to 104.7® and 115.9° oorreetj^d, 
N.P.L. Standard, are 104.0 -l 0.5® and 1^5.9 + 0.5-104.^® anft 
h 6.4° respectively. These a]^e then taken as the corrected 
distillation interruption temperatfires for this thermometer, 
the barometer correction for the day beiuj^^taken in the manner 
prescribed above. * • 

The correctness of these temperatures should then be tested 
by makfng two or Ihree mixtures of different proportions of 
benzene, toluene and xylene,* and subjecting these to tl^ test, 
and seeing whether the results obtained agree substantially 
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,mth the actual percentages of 1)enzene, toluene and xylene 
thk^n. ‘ ' ^ 

Any thcrmomctel used for niaking the test, even when the 
graduation has been standardised, should first be tested with a 
mixture ot known amounts of pure benzene, toluene and xylene, 
as it has beer, foiaicl in a few instances that thermometers which 
are perfectly correct „ in theirr graduation do ^ not give correct 
' results. So far as at p^esent^ ascertained, this appears to be 
due in some way to the composition of the glass used in making 
the thern;'ometer,. whicl^ causes a/‘ lag ” in the readings of the 
thermometer when fn vapours of low latent heat such as benzene 
and toluene. 

In order to check the whole apparatt^s, thermometer and 
method of worfding, it advisable occasionally, after making 
an analysis of a toluol of unknown composition, majee up a 
mixture of benzene, toluene afid xylene in tlfe proportions found 
by the test in that sample, and put this mixture through the 
test ; if all is im order, the pc^rcentages of benzene, toluene, 
and xylene found oy the test to be present in the check mixture 
should substantially agree with the actual percentages taken. 

Method of Distillation 

c 

Engler loo c.c. distillation flask and condenser to be washed 
out with the tolu;)l to be tested and allowed to drain. 

100 c.c. of the toluol (the temperature of which is taken) to 
be tested is poured into flask from graduated cylinder, the 
latter being drained out only. 

Small nakefi flame under flask with wire gauze screei. to 
protect flame and bulb of flask from draughts. 

Top of thermometer bulb just below side tube of distillation 
flask. 

Rate of distillation 7 c.c. per minute from end of condenser, 
the distillates being collected in 100 c.c. cylinders. 

When the thermometer reaches 104.7° C. (corrected) the heat- 
ing is stopped, the condenser allowed to drain, and the receiver 
changed ; the distillation is continued till the theimom^lr 
reaches Ii5i9° C. (corrected). The heating is then stoppedi\tM^ 
tondenser allowed to drain, and the residue in the flask, after, 
complete cooling, drained into a 100 c.c. cylinder. The number 
of c.c. distilling (i) below 104:7°, (2) between 104.7 and 115.9°, and . 
(3) above 115-9° are read off at a temperature approxiniating to’ 
that found for^the orf^inal sample when measuring out the 100 c.c/! 
taken for analysis. The combined amounts of the three distillat«|, 
should not amount to less than 99.5 c.c. 

Fi;om the amounts boiling (a) below i04.7°.^nd (&) above 113.9*!;^ 
the percentage of benzene and toluene in the sample ;s founUi» 
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subject to the correction fof parafiid content specified^ belsw^ 

by means of the diagram. * * “ 

Thus if the percentage foi^nd below 104.7° is 39, and thai above 
115.9° is 13, the perceatage of Jbenzene in the sample is 25.0, and 
that of toluene 65.0, arid that of xylene, found by difference 
from 100, is'io.o. “ ' # 

The diagram* only holds goc/i for s mples containing 50-75 
per cent, of toluene, and for those which contain such anjounts- 
of benzene a. id xylene as yield not less than 5 per cent., or more 
than 50 per opnt. either below,i04.7° oipabove 115.9“., 

In cases where a sample does not fall Within these limits the 
analysis may be made in thl following modified manner : 

A measured* am(',unt of the sample less than 100 c.c. is taken 
and made up to 100 c.c. by the addition of such measured 
volumgs of j^re benzene toluene, or xylene that the resulting 
mixture comes wifhin the speciiibd limits. The percentages of 
benzene and toluene in this mixture are then ascertained in 
the manner specified above, and from the^^e percentages are 
deducted the volumes of benzene and toluene (if any) wliich 
have added to make up the 100 c.c. The figures thus obtair/ed ' 
give the number of c.c. of benzene and toluene contained in 
the volume of the original sample taken for analysis, and the 
p^centages in this sample are 4 ound by multiplying these 
figures by 100 and dividing by the volume taken. 

The benzene employed for such addition should distil within 
a range of about 0.5°, and have a sp. gr. of 0.883-0.885 at 15.5°, 
and the toluene should boil within a range of 0.5° and have a 
sp. gr. of 0.870 at 15.5°. The xylene ordinarily obtainable, 
beftig a mixture of several isomerides, has no constant boiling 
point, but should distil within a range of 138-143° C. corr. 

The volume of the sample it is desirable to take, and the 
amounts of benzene, toluene, or xylene to be added, may be 
judged from the results of the first distillation. Examples are 
given below of the proportions actually adopted in the case of 
typical samples not falling within the hmits of the diagram. , 
(i) The percentage of the sample boiling either below I04?7° . 
or above 115.9° below 5. 

In this case 90 c.c. only of the sample is taken, and n^ixed 
previous to distillation with 10 c.c. of pip-e benzene if in fhe ^i^fet 
test the distillate below 104.7° found less than 5 per cent., 

dr with 10 c.c. of xylene if the ambunt boiling above 115.9° 
been found below 5 per cent. • 

Thus if the first test showed less than 5 *pcr ceijt. below 104.7°, 
and a mixture of op c.c. of the sample with 10 c.c. of benzene 
gave per^eent. below 104.7° ^7 ^-c. above 115.9°, the per- 

centage of benzene in the mixture is found from the iJiagram 
to be and that of toluene 74- 'As 10 c.c. of benzene was 
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i^dded Lnd no toluene, the*90 c.c. ol the original sample contains 
-lo c.c. =5 c.c. of benzene and 74 c.c. of toluene, a^d the per- 
centage of benzene, toluene, and, xylene in the origmal sample 
is as follows : 

B.enzene = ■= 5.5 per cent. 

90 ' ^ ^ 

, T, , 74 X 100 „ 

Toluene = --=82.2 

90 

'■ t Xylony, by dTference -12.3 

(2) The percentage^ boiling ho/ii below 104.7° and above 
115.9° may l)c so low' that there is no corre'siionding entry 
in tlie diagram. . 

In this class, which includes "’samples containing high per- 
centages of toluene, <So c.c. of the original sample'may be taken 
and mixed witli 10 c.c. of pure benzene and 10 c.c. of pure xylene, 
and the percentage of benzene and toluene in the mixture de- 
termined as above. The pe”centoge ot bcmzene thus found, 
les.s the 10 c.c. of benzene added, multiplied by 100 and divided 
by 80, gives the percentage of benzene in the original sample, 
and that of toluene without deduction, also multiplied by 100 
and divided by 80, gives the percentage of toluene in the original. 

Thus if a mixture of 80 c.c. of a sample with 10 c.c. of benzene 
and 10 c.c of xylene showed the presence of 14 per cent, of ben- 
zene and 74 per cent, of toluene, the original 80 c.c. contained 
14-10 c.c. - 4 c.c. of benzene and 74 c.c. of toluene, the per- 
centage of benzene is 5.0, that of toluene 92.2, and the xylene 
by difference 2.81 ' 

(3) The percentage boiling above 115.9° ^^.y be so high that 
there is no corresponding entry in the diagram. 

In this class 80 c.c. is taken and mixed with 20 c.c. of benzene 
previous to distillation. The figure found for percentage of 
benzene in the mixture less the 20 c.c. added, and the toluene 
.figure without deduction, multiplied by 100 and divided by 
80, give the percentages of benzene and toluene in the original 
sample. 

(^4) The percentage boiling below 104.7° may be so high that 
there is no correspondiiig entry in the diagram. 

In this class, which comprises, samples containing relatively 
high percentages of benzene and low percentages of toluene, 
80 c.c. of the 5\ample is mixed with 20 c.c. of pure toluene. The 
figure found Iqt percentage of benzene in the mixture, without 
deduction, and the toluene figure, less the 20 c.c. added, give 
the amount of benzene and toluene contained in Go c.c. of the 
sample^ 

Thus. if 80 c.c. of a sample mixed with 20 c.c. of pure toluene, 
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showed as •the result ipjf thg distillation of the mixture yr^ 
presence- in the latter of 29 per cent. 01 benzene and 58 perseni.’ 
of toluene, yie number of c.c. of benzene in^8o c.c. of the original 
sample is 29 and that of toluene 58 — 20 -=38 c.c., and the per- 
centage compoj^tion the sample is 36.2 pei cent. bc?nzene, 
47.5 per cent, toluene, and (by difcence) i6.3^per cent, xylene. 

• * 10 

Correction for Paraffin ConieM of Tnhtene in Government 
T olnol Contracts 

^ ^ \ J J ^ 

In the case of Government contracts foi* the supply of com- 
mercial tohlol, the correctioh lor paraflin content, w]?ich is only 
requiied on the 'percentage of toluene, is made in the following 
manner : . . r n "" 

TOO c.c. of the samplers pi^fccd in a round-bottomed flask of 
i50-20(? c.c. cSjiacit^, fitted with unsuitable fractionating column 
such as a Young 12-bulb " pear ” column and distilled at thg 
rate of about 4 c.c. per minute from the end ot +,he condenser. 
The fraction distilling between 107-115° (corrected) is* collected 
separately, and its specific gravity at 15.5° C. ascertained l/y 
any method giving results accurate to the third place of dacimals. 
For every 0.00 ■: thal the specific gravity is found below 0.868, 
a reduction at the rate of ^ per cent^is to be made on the amount 
of toluene found by the distillation test. 

Thus if the percentage of toluene found by the distillation 
test is 70, and the specific gravity of the fraction 107-115° 
obtained in the prescribed manner is 0.864 4X4-3 per 

cent, of the figure .shown by the distillation test is to be deducted. 
Thqr corrected percentage of toluene, allowing for paraffin 
conignt, is therefore 70 - 3 per cent, of 70 =70-2 =--68 per cent. 


Correction of both Benzene and Toluene Percentages for 
Paraffin Content in Commercial Toluol 

When the mixture of benzene, toluene, and xylene is to Ijp 
analysed for both benzene and toluene content, and contains 
also moderate amounts of paraffins (4-5 per cent.), an 
approximate correction for these may be made as follows » 
The distillation of 100 c.c. of the sample is carried out in the 
manner already described, and thQ percentages boiling below 
104.7°, between 104.7-115.9°, and above 115.9° ascertained, and 
in aadition the sp. gr. of the fractions belo¥ifcio4.7'*and between 
104.7-115.9° determined at 15.5° C. by any method^iving results 
correct the third decimal place. If the temperature is above 
or below the result may be corrected to that tempera^ 

ture by adding 0.0009 for each degree jtbove or deducting ^.0009 
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each degree below 15^5°. Th^ “ uKcorrected " percentages 
'of*b^nzene and toluene are then ascertained by meaite of the 
diagram. For each 9.odi that the sp. gr. of the fr^tion below 
‘ I04.7°'is found less than 0.873, a reduction at the rate of i.o pei 
/ cent, ip to be made on the " unconected ’“percentage of benzene, 
and for each 0.001 that the sp gr. of the fraction 104.7-115.9° is 
found below *0.8/0, a reduction at the rate of frds per cent, is 
to be made on the uncorrecte<!l " percentage of toluene. 

Tnus, for example, the distfJlation of 100 c.c. of a sample of 
commercial tohjol containing paraffins gave the following 
results ‘ ^ ^ * ‘ ' ‘ ' 

Below *"04.7° . 2C).8 per cent. sp. gr. at 15.5°' = 0.864 

104.7-115.9° . -47.6 „ sp. gr. at 3.5.5° = 0.867 

Above 115.9° • 22.5 „ - , 

From the diagram the imcorrected percentag/^'s of |ienzene 

and toluene arc : * * 

Benzene . . . 23.5 per cent, 

e Tdiucn'e . . ^ . 60.0 ,, 

The sp. gr. of the fraction below 104.7° being 0.864 or 9 in 
the third decimal place below 0.873, and that of the fraction 
104.7-115.9° 0.867 or 3 in the third decimal place below 0.870, 
the corrcct('d percentages arV' found as follows : 

Benzene 

Per cent. 

Benzene, uncorrected . . . . = 23.5 

Paraffin correction 9x1 -^^9 per cent, of 

23.5 p'er cent = 2.1 ' 

Benzene, corrected for paraffins . . . = 21.4 

Toluene 

Per cent. 

'■ , Toluene, uncorrected . . . . = 60.0 

Paraffin correction 3x5 — 2 per cent, of 

60 per cent = 1.2 

’ t, 

Toluene, corrected for paraffins . . . = 58.8 

Removal of Carbon Bisulphide 

The small' amounts of carbon bisulphide sometimes present 
in commerfcial toluol do not materially a/fect the results. In 
' the case of products which contain large amouitte of benzene, 
such Ls 50/90’s benzols, this impurity is often present in con- , 
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siderable quantity and must he removed before analysis by thej 
above method. * « ^ 

For this^^urpose,;25o c.c. of the samj^le is placed in a separat- 
ing funnel, 30 c.c. of a. 10 per eent. alcoholic solution of caustic 
soda or 10 per ^ent. aifcojiolic sodium ethylate added, ard the 
whole well shaken, after which lop c.c. of water is added with 
renewed shaking. After settling, the Im^er la^r is^run off, and 
the oil washed <Vice with succ§ssive qaantities of 20 c.c. of 
water, the washings being addeef to the alcoholic soda extract. 
The oil is theo dried for thirty minutes (A'ith a Ijttle anhydrous 
’'calcium chloniK*, filtered into®, 250 c.a fl^k stlirough a small* 
amount of gotten wool plgred in the stalk of a funnel, the 
drying material and filter being wasli«d with sufficient pure 
xylene to make up the volume to 250 c.c. « 

(The alcoholic caustic jt)d*i 4>r sodiufti ethylate may be made 
with eUiyl ai^ohol^ or with “ industrial ” methylated spirit, 
but not with ordinary mcthylaterl spirit, as the latter contains 
paraffins.) -t 

The oil thus treated represents the origii d sample, except 
that the carbon bisulphide in it llhs been replaced by xylene, 
and the determination of the percentage of benzene and toluene 
may be made in the manner already described, d'lie difference 
between the combined percentages of benzene and toluene and 
100, however, no longer gives the percentage of xylene, but that 
of xylene -f-carbon bisulphide in the original sample. 

If an estimation of the carbon bisulphide *is required, this 
may be made as follows : The combined alcoliolic soda extract 
and washings are boiled to drive off alcohol, cooled and made 
up to 250 c.c. 25 c.c. of this solution (containing therefore the 
^n bisulphide present in 25 c.c. of the sampl**) is boiled with 
3-4^ammes of sodium peroxide, which converts the sulphur of 
the carbon bisulphide into sodium sulphate. The solution is 
then made slightly acid with hydrochloric acid, filtered, and 
the sulphur defermined as barium sulphate in the usual manner. 
The weight of barium sulpliate found multiplied by 0.163 gives 
the number of grammes, or multiplied by 0.128 the number 
C.C., of carbon bisulphide present in 25 c.c. of the sample, and 
these figures multiplied by 4 givo respectively the number of 
grammes of CSg per 100 c.c. and percentage by vofume of th^ 
carbon bisulphide in the original sample. • 

A^talysis of Unwashed Commercial Tol'^ol 

In the case of a sample of toluol which has ndt been previ- 
ously frq^d from unsaturated compounds and phehols, these 
must be rembVed before analysis. For this purpose 250 c.c. 
of the sample are placed in a separatijig funnel, and shakfea for 
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''j^minytes with 20 c.c. concentrated sufphuric acid,^nd allowed 
*to settle for 15 minutes. The acid layer is then run off, and 
the residual oil wasljed successively with 20 c.c. of>^o per cent, 
aqueous caustic soda and 20 c.c. 'of'water. If carbon bisulpliide 
is also present in more than sma^l amount, this is also removed 
by means of alcoholic caustic soda in the manner already 
described, ^fhe oil is then dried for 30 ^ minutes with a 
^ littl^. anhydrous calci'am chloiWe, and filtered 'through a small 
amount of cotton wool placed in the stalk of a funnel, the dry- 
j[ng material ap.d filter being washed with 2 to 3 c.c. of pure 
xylene afid the ^ilt^'iecF oil distiKed, using good t olumn, up to 
140“ C., cvllecting the distillate in 250 c.c. llask. The contents 
of the latt(;r are mach^ up to 250 c.c. with pure xylene, and 
well mixed by shaking. , ^ 

The oil thiL< obtained represonts {he original sample, except 
that the unsaturated compqunds, p^ienols, antV carbon bisul- 
phide have been replaced by xylene, and the determination of 
the percentage of benzene and toluene is then carried out as 
already described?* Men' also the diflerence between the com- 
bined percentages of benzene and toluene and 100 no longer 
gives the percentage oi xylene, but that of xylene -f impurities. 


Unsafuralcd Compounds, (fc., in Washed Commercial Toluol 

90 c.c. of a Sc'yu])le of washc'd commercial toluol, wlien shaken 
for 5 minutes with 10 c.c. of 90 per cent, sulplmric acid, should 
not inqiart more than a light brown colour to the acid layer. 

Comparative Quiinlitaiive Test for Amount of Unsaturated (Com- 
pounds present in Commercial Benzol, Toluol, etc, 

A com])arative Quantitative indication of the extent to which 
a sample of washed coinmenaal benzol, toluol, or solvent 
naphtlia still contains impurities such as unsaturated com- 
pounds and thiopla'ii derivatives, may be obtained by deter- 
mination of the amount of oxygen it will absorb from potassium ^ 
permanganate under specified conchtions, as follows : 

So c.c. of water and lo c.c. of dilute sulphuric acid (made by 
fdding T part by weight of concentrated sulphuric acid to 3 
parts by weight of w'ater) are placed in a stoppered bottle of 
about 300 c.c. capaxity, to which 10 c.c. of the sample of benzol, 
toluol, or solv(’nt naphtha is added, and the whole shaken. 

The temperature* of the liquid should be maintained at as 
near 15® C.^ a*?' practicable and should not exceed 25°. 

50 c.c. of decinormal permanganate solution is then added, 
and the whole shaken continuously for exactly !Rree minutes ; 
if, end of half a minute, the permanganate solution is 



*rARW.ORKS' TESTS 273- 

marke(ij||^ Qecc'loiised, S, fiirijicr 50 c^c, of decinormal |)crniaft- 
ganate is added and the shaking they continued for a f^rthel 
2^ minutese. The ‘excess of permangaivite is then immedi- 
ately destroyed by thj addkidn of 10 c.c. of a 10 per cent, solu- 
tion of potassium iociida, witft vigorous shaking. • 

The resulting solution contJiining iodin^ is^then titrated 
with decinormaj sodium thiosulphate- solution, shaking well 
between each addition, until b 5 th layer^ in the bottle bgcom^ 
completely rolourlcss. The encl-point < f the titration is sharply 
indicated bj the final disappearance ; ♦ the \nolet colour of tjje 
benzene lay^r, and there i^ no nocfssiti^ to add* starch as 
indicator # • • 

The number of c.c. of thiosulphate*;^lution required for the 
titration is deductdtl froiu the volume of permanganate solu- 
tioi taken, the difference giving the ndmb.'r of t.c. of decinormal 
potase^um p >i'maiiganat? soluti reduced by 10 c.c. of the 
sample under the above conditions, and this figure gives a com- 
parative indication of the extent to which Hie sample contaifts 
oxidisable impurities. ^ *' • 

If the number of c.c. of potassium permanganate solution • 
used is multiplied b.y 0.008, the resulting figure gives the^ number 
of grammes of oxygen absorbed from permanganate by 100 c.c. 
of the sample. , 

Analysis of Crude Benzol from Coal-gas or jhtalogous Products 
consisting chiefly of Benzene, Toluene in smaller Proportion, 
and still smaller Proportions of Solvent and Heavy Naphtha 
Constituents. 

The sp. gr. of the sample is taken and recorded. (Specific 
g^itics tii/oughout are to be given at C. or 60'’ Fahr. 
Lomixired with water at 15.5° C. or 60® Fahr. Correction for 
temperature 0.0009 degree C. or 0.0005 for each degree 

Fahr.) 

250 c.c. of the sample arc distilled from a round-bottomed ^ 
flask (preferably of metal) fitted with a Young 12-bulb “ peai«" 0 
column (or other cflicient column the contents of which drain 
out completely), and the distillate to 170® C. cpUccted and 
measured, the rate of distillation being about 4 c.c per minutt. 

Loss on Alkali Washing. — ^The distillate is well shaken with 
50 c.c. of 10 per cent, aqueous caustic soda, allowed, to settle, 
the caustic layer run off, the oil washed with 20, c.c. of water, 
and the residual oil measured. The loss T)*f voluyie is taken as 
the loss on alkali washing, and calculated as perceijtage of the 
original oil. ,, • 

Loss on Acid Washing. — ^The oil after alkali washing is jhaken 
with 8 per cent, of its volume of concentrated sulphuric* acid 
S 



274 


COAL TAR DISTILLATION' 

five, minutes, allowed to settle, for fifteen' minutds, and the 
i’csidnal oil washed successively with water, 20 c.c. of 10 per cent, 
acjueous caustic soda, and finally with 20 c.c. of w-.iter. The 
volume" of washed oil is measured, •> and the additional loss of 
volume taken as loss on acid wa’shing and caloulated as per- 
centage ot the original oil. 

{If the loss on alkali washing and acid washing are not re- 
quired separately, tlid washing with 50 c.c. of caustic soda 
solution is omitted, and the wishing carried out diiect with 
8 per cent, of concentrated sulphuric acid, alkali and water, as 
under “ lo^s oii aciid wasiting.” Ill that case, the tibserved loss 
is " loss on acid and alkali washing.”-^ 

The washed oil is drh d with calcium chloride for 30 minutes, 
then filtered through a little cotton-wool pl.iccd in the stalk of 
a funnel, the drying material and* filter being washed out with 
2-3 c.c. oi xylene. “ . 

The dried oil is then redistilled, using a Young 12-bulb 
“‘pear “ or other elVicii'iit column, at the rate of about 4 c.c. 
per minut(', anil thw following fractions collected : — 

(i) Fi action up to C)0°. 

, (2) Fraction 00-140'’. 

(3) Fraction 140-170°. 

(4) Resiihie at 170°. 

Fractions (i), (2) and (4) arc measured, but the fraction 
140-170° is neglecvcd, as this contains most of the xylene added 
for washing out the calcium chloride, and the volume of this 
fraction is taken as the difference between the sum of the volumes 
of (1), (2) and (4) and the volume of oil after alkali and acid 
washing. * 

Note. — With samples which only contain small amounts of 
xylene, etc., the theirmometcr in the above distillation may not 
reach 140°. In that case more xylene is added to the residue 
in the flask, and the distillation continued to 140°, the deter- 
mination of fractions (3) and (4) being in that case omitted. 
This addition of xylene must ml be made before the fraction 
“ up to 90° “ has been collected. 

Fractions (i) and (2) arc then further examined as follows : — 

(i)f Fraction up to 90°. 

The first fraction, obtained finder the specified conditions, 
consist of 'benzene and toluene only, together with small amounts 
of carbon bisulphide''itnd paraffins, if these were present in the 
original saippfe. These, if present and to be allowed for, are 
estimated in tlie manner described latei . ^ ^ 

Assuming their absence, in order to determine the percentages 
of beniene and toluene in< this fraction, this is distilled in the 
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Eiiglcr standard flask* prescribed in*the '' CommerciaVTolro\" 
test at tile rate of 7 c.c. per mimile, and the percentage boiTing 
up to 85^(corr.) ascertaineci. (Wlien tiie total voluiiie of the 
fraction exceeds 10(4 c.c., *oj)ly 100 c.c. of it is taken for the 
analysis.) 

From the pticentage boihng*lip to 85” (c<*rr.)f the percentage 
of toluciiie is liy means yf a gr'";)^!, which is best worked 

out for tlu' actual thermoinetc'f and apparatus used by dmtilling 
in it the following mixtures : — 



Pure fiCn/i'ie. 

9 9 

PlUC loliu’lic. 

fl) . 

• . 97 C.C. 

3 ‘-c. 

(2) . 

. ()T^.c. 

b C.C. 

(J) . 

( 4 ) • • . 

. . 00 c.c. 

. • .85 c.c. 

10 f .c. 

* 15 c.c. 

(5) • • • • 

•. 80 c.c. 

20 C.C. 


Ih’om the ])('rcentage ol these 


kncw ii ic'Ktay's boiling up*to 


85" (corr.), a graph is ]>lotted out, with the |Tereentagl* of toluene 
as ordinal es and the jiercentage of distillate* to 85*^ at abscissa.*,’ 
and tliis graifli can then lx* employed for finding the j^.'rcentage 
of toliK'iic an 1 (by difference) ot benzene in an unknown mixture 
(d the two from the iiercentage ^listilling U]) to 85'". Working 
m this manner, errors due to incorrect graduation of the ther- 


menneter arc eliminated. • 

Note. — In drawing up the graph, some temperature other 
than 85° may be adojited if desired, such as cp"", but for percent- 
ages of toluene such as are found in the fraction “ up to Cj0° ” 
jr nn crude benzols (mostly from 5-10 per ci'iyt.), 85“ is a con- 
yHj;iient temperature. The essential point is "hat the tempera- 
ture' of inte rruption employed in the analyi^s is the same as that 
used in the tests of known mixtures for jilotting out the graph). 

The corrc'ction of the thermometer for barometer and un- 
healed stem may be made according to the tables given by 
Northall-Laujie (Analys., 1915, p. 388), or the approximate* 
correction given in the “Commercial Toluol” test may*b^ 
employed. In this the boihng iioint of distilled water given by 
the thermometer is taken in a Wurtz flask, with top of ,ther- 
mometer bulb just below side tube of.flask. The amftiunt 1 )y 
which this figure is below (or above) the temperature shown by 
this thermometer as the boilmg fioint of water at normal bar- 
ometer with stem completely heated (^00° if thermometer is 
correctly graduated) gives the correction for bawimeter and un- 
heated stem at the then barometric pressure, and this figure 
must bb dejjaacted from (respectively added to) 85° to find the 
actual temperature to be used on that thermometer at the then 
barometric pressure. 



76 


COAL TAR DISTILLA-TION 


Fraction 90-*i40°. 

, Tins iraction, obtajned under the Tnv 

ists of 'benzene, toluene r /' nviv^Vie ^iresent in the 

araffins of similar boiling I’""'* f .j ' j^itcr when 

riginal The estijnation ancUallowaiice for the latter, wn 

IfSgsess 

Lsuniing that carbon bisulphide and paralhns ate abstnt. 


Fraction 140-170°. 

Tl,i. fraction found by difference, consists of constituents 
This ti action, lou no y . volume is added the 

of s»l''™V‘r‘!,f Tc ^of Tvieiie; found in fraction 90-140°, the 

, mm oi’X’t.o Si-™ 

centage of the original. 

Fraction above 170°, 

Thi^ fraction consists of high foiling substances which came 
flip rli^tillate to 170° of the original oil, plus higf 
over with 1 . action of concentrated sulphuric 

i:LaE?if»..‘".s'aciK^ 
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Example.^ 

(CS2 cuid paraffins assumed to be absent.) 

250 c.(? of a crude benzol |sp. gr. o.SqS) gave 208 c.c. pistillate 
up to 170° : — % * . 

f • Per cent, of oflgiiial. 


Up to 170*^ . . . . • 83^ per cent. 

Residue ^1*170° (by diff.) ^ ^ . 1G.8 

The 208 c.c. up to 170° gav^' 206 c.c. after alkali washijig app 
190 c.c. after acid washing : - 


Loss or nlkali washing^- 2 c.c 
,, acid- ,, ~i6 c.c. 

The apHjve 190 c.c. of v^ashed oil 

(1) Uplo 90 % 

(2) 90-140" . . 

J3) ^40-170" by difereiice 
(4) Above ifo" 


— ^).8 per^dent. oj originaW 
—6.4 per* cent. ,, 
ay^r drying, etff., gave : — 
. ;^^b.5 c.c. 

.» ... 51.0 c.c. 

3.5 c.c. 

. ' . 9.0 c.c. 


^ • 190.0 c.c. 

Fraction up to 90". . . 

TOO c.c. of till 126.5 c.c. gave 86.0 per cent, distilling to 85° 
(corr.) 

Therefore from graj)!! . « Benzene = 92.1 per cent. 

. Toluene 7.9 

And in the wliole 126.5 c.c. Bt-nzene • 11C.5 c.c. 

'J'oluene 10. 0 c.c. 


Fraction 90"- 140". 

40 c.c. of tlie 51 c.c. of this fraction were i^ixed with 50 c.c. 
pure toluene and 10 c.c. pure benzene, and the 100 c.c. of mixture 
distilled in accordance with tlie “ Toluol-test ” specification, 
giving— 

Per cent. 

Up to 105° (104.7" N-F-L.) .... 27.2 

105-117" (104-7-115 9" N.P.L.) . . . 63.5 

Above 117" (115.9° N.P.L.) .... 9.0 


99-7 

Therefore, there are : — • 



• 

In Mixture. 

ln«4<) c.c. of 
Fra<;tK)n. 

In whole 
■51 c c. of 
Fraction. 

t 

Comp, of 
• F'raction. 

Benzene . 
Toluerib . 4 
Xylene . 

18.8 c.c. ( - 10) 
.• 73-2 c.r (-50) 

8.0 c.c. ( - 0) 

~ 8.8 c.c. 
^23.2 c.c. 

~ 8.0 c.c. 

• 

II .2 C.Q. 

• 29.5 C.C. 

, 10.3 C.C. 

22.0 

58.0 

^0.0 



2^8 C(U1> lAK 

•Adding up Ihc benzene and tobv^ne found 'in the combined 
fractions ‘‘ up to 90“ ” ai\cf “ 90-140° ” and adding the xylene 
found in tlie latter frafiion to the fraction ^ 140-17^ ” giving 
an approximate re]>resentation of the {Solvent and heavy naphtha, 
there arC’ in the 190 c.c. of washed distillate and m the 250 c.c. 
original : — 



llon/cnc 

1 — 

Toliiciio. 

Xyk'iK' .ind 
S and 11 . 

' N.iplitha. 

Above 170“ 
in washed 
, disit. 

_ ^ , 

Traction 11]) jo f) 0 ° 

lit). 5 

! rlO.O 

1 

• . . C.C. 

,, ()()° to 140" 

11.2 

1 ^ 9-5 

j i<~v 3 

I . . 

,, 340° t’) 170° 


i • 

i 

; . . 

,, above 171'’° 


% 


9.0 „ 

Total in 250 c.c. of original 

327.7 

! 39-5 

; ' il8 

1 9.0 C.C 

-51-^'/ 

' ''-15.8/, 




The complete result is therelore as follows : 

Sp. gr. at 15 5 -- 0.898. 

,, I’tT cent. 

Benzene 

Toluene 

Solvent and heavy naphtha (approximate) . 5-5 

Loss on alkali washing of fraction to 170'' . 0.8 

Loss on acid washing of fraction to 170° . . 0.4 

Substances l^^hling above 170° in distillate ip) to 
170° after acid washing ; * * * 

Traction of original above 170° . . • id.8 


Carbon Bibuiphide and Parcijfins. 

When carbon bisulphide and paralfins are present they may 
.e estimat(id in the above fractions of the washed distillate up 
to 140° as follows : — 


Traction up^to 90°. 

The distillate uj) to 85° and residue from this fraction are 
remixed, and tlie sp. gr.’of the mixture at 15.5° taken and noted 
It is then mixed in a separating funnel with 50 c.c. of alcohol 
free from paraffins, five grammes of solid Cctfjstic soda (r^iughly 
powdered) added, and the whole shaken for five rntnutes. (If 
preferp:^, 50'c.c. of 10 per cent, alcoholic caustic soda or sodium 
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ethylate inay be used i*n platfe ol s**l^d caustic and alc(^iol, .bfit 
unless these solutions are freshly piej^ired, more trouble ns cx* 
pcrienced ^ the siTbsequent sidtling, in yashing, owin^ to for- 
mation of resinous ^ubst;flK*es in, the solutions on keeping.) 
200 c.c. of water is then*addc 1 with renewed shaking, afid after 
settling, the lov jr aqiierms la>er*is run off, t|ge o\} washed twice 
with succi'ssiv^^. quantities of 2^ c.c. '^f water, and dried with 
('alcium chloride. The sp. gr, of the Sried oil is theiiataketj 
accurately b) the lU'an'st third decimal place. 

The p( . entagi" of toliu'iie in 'diis I' action h?fs been previou^y 
a?^certi:diied (uncorrected lor paraflinsj^by #;hif i)erc('n!age distill- 
ing up to (corr.) -ukI tl# sp. gr. is calculated whidi a mixture 
of this (•inijv* ition of ])ure bi'iizeue ?itid toluene should have, 
the ^p. gr. of pure* beii/jL'ii'' bi'ing tiycen as o.iS85*find of pure 
tohieiK' as 0.870. ^ • * 

ri’om tbe^hre* sp. gr.’s tht.,->«found or calculated, namely : — 

Sj). gr. of original fraction to 90°, • 

„ ,, ,, ,, <iftei #cm(Mil yf rSo, 

,, calculated for benzcTie and toluene mixture of Uie. 
“ uncorri'cied " comjiosition found, 

th(j percuib.,;e of CS2 and parallins can be found in the follow- 
ing way, tlie sp. gi . of CS^, being tifken as 1.27 and of the parathns 
present in this traction as 0.7J. 


(i) Carbon Bisulphide. 

• If CSg per cent. - a', 

^Tlitni J lyx I (100 — .v) a (sp. gr. of fracti^)n to 90” after CSg 
removal)=ioo < (sp. gr. of fraction to 90° before CbSg 
removal). * 


Paraffins. 

If paraffins per cent. - y, 

Then o.73y -f (100 — r) x (sp. gr. calc, for pure benzene 
toluene) 100 (sp. gr. of fraction after CSg removal). 


Fraction 90-140°. 

This fraction contains no (kSg, and only paraffins *in addition 
to* benzene, toluene and xylene. To dift'cTuiine the amount of 
the latter the sp. gr. of the fraction is taken to flic nearest third 
decimal place, and«in addition,' the sp. gr. is ascer{aincd by cal- 
culation th*at the mixture would have if paraffins were absent. 
For this purpose, the percentages ot benzene, toluene ariBixylenc 
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lit t^ic traction, uncorrected for jiaraffifis, already found, are 
fhiiltifilicd by the respective sp. gr.’s of pure benzene (0.885), Ptiie 
toluene (0.870) and xyjenc (0.86O), and the sum of tW multiples 
dividcd'liy 100. The figure thus ohUuned ^'ives the sp. gr. wMch 
a mixture of the pure substances wtmld have whefi of given com- 
position provided po contraction or expansion occurs on mixing 
them ; the average expansion in the case of mixtpres of the three 
in thg proportions usually occujp'mg in the fraction 90-140° is, 
however, such as to lower the sp. gr. by 0.001 from that calcul- 
ated as above. dTom the figures thus foiincl, therefoie, 0.001 
must be d^ducted'to/pvd the corrtict sp. gr. of tlid mixtures of 
pure bcnzeiK!, toluene and xylene. # 

From tliese two sp. gr. figures, namely 

(1) ’actual sp. gr. pf fraction 90-140°, 

(2) Calculated sp. gr. of paVafliipfree mixture, 
and assuming the sp. gr. of the’pararfin presents in this 
as^.74, the percentage of the latter is calculated as follows : — 

If peV ce?it. of paraffins, 

,the^ o.74^f (100— 2:)x(calc. sp'. gr.)— 100 X (actual sp. gr,). 


Example. 

Continuing tlie example from p. 274 the correction for and 
estimation of carbon bisulphide and paraffins are as follows : — 


Fraction up to 90° 

Sp. gr. found for fraction before CSg removal = 0.883. 
,, ,, ,, after ,, ,, = o.88iS^ 

Calculated sp. gr. of 92.1 per cent, pure benzene and 7.9 
cent, pure toluene , 

^ 92.1x0.8854-7.9 x0.870^^ 

100 ■ ^ 


Then if CSg per cent. x, and paraffin per cent. y 
I . 27 a; 4 “(ioo— a) x 0.881=100 X 0.883. 

88,^~88.i 

or CSo— — 00 = 

^ 1.27—0.881 

and 0.733/4- vioo—y) x 0.884= 100 X 0.8810, 


0-2 ^ X 

= — o-=o .5 per cent. 
0.389 ^ 


^ 88.4—88.1 0.3 , 

‘ or paraffins = — =1.9 per cent. 

I 0.884-0.73 0.154 


The CSg anfi paraffins in this fraction, therefore, together 
amount to 2.4 per cent., so that 2.4 per cent;, of tlje percentage 
found, for benzene and toluene must be deducted, arid the com- 
positioa^of tlie fraction up to, 90° is— 
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CSa . . c . 

Paraffins . ' . 

Benzene (92.1— :j.4 p.c. of 92.1 
Toluene (7.9— 2*4 p.c. of 7.9) , 


• hi ioc C.C, 

• 

j In tl/ totaU ^ 

1120.5 C.C. of F5acti9n.* 

• 

Per cMit. 

! per ?ent. 

0.5 

1 

1.9 

! 2.4 

.89.9 • 

♦ II3.7 

7-7 

! • 9.8. _ 

100.0 

1 126.5 


Fraction 90-140°. 

Sp. gr. of fraction»found -= 0.869. ^ 

Comp, of fraction (uncorr ior paralfins) p. 279. 


Benzene 

‘Toluene 

Xvlcne 


In 40 0 c. 

8.8 C.C. 
23.2 C.C. 
8.0 C.C. 


.22.0 

58.0 

20.0 


Therefore calculated sp. gr. for above with no paraffins 
determined m the manner specified 

22 X 0.8854-58 X 0.870420 X o.SOfj# 

== — — - — — 0.001= 

100 

0.873—0.001=0.872. 

If paraffins in fraction = z, 

^ Then 0.742:4- (100 — 2) x 0.872 = 100 X^ 1 869, 
cc. 87.2-86.9 

Or paraffins ^-^^^^-^-^=2.3 per cent* 

2.3 per cent, of the “ uncorrected ” percentage of benzene, 
toluene and xylene found on p. 277 must therefore be deducted, 
so that the composition of fraction 
paraffin, is — 


Paraffins . . . • • 

Benzene (22- 2.3 per cent, of 22) . 
Toluene (58—2.3 per cent, of 58) . 
Xylene (20—2.3 per cent, of 20) , . 


90-140°, 

corrected for 

In 100 c.c. 

, 

In total 5T C.C. of 

0 FracUon^ 

0 ' 0 

• 

Per cent. 


2.3 

1.2 c.c. 

2 T .5 . 

II.O C.C. 

; 

28.9 c.c. 

19-5 

. 9.9 c.c. 

TOO.O 

51.0 c.c. 
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f ^Adding iogctlior the ('Sg, pj^raflin* benzene afid toluene, 
ifviin|l in the fractions “'up to 90*^ ” and “ 90-140“,” and pro- 
ce(‘ding otlu'rwise as^dven on }). 277 when ^'>araf[ini» are absent, 
,there are in tlie original 250 c.c 7 o< oil and in the 190 c.c. of 
washevl distillate from it ; - ^ * 


r * 


r 


Xvleno 

Above. 

170®. 

ri'a< lion of waslu'd (list. 

,(S.. 


Hin/c>iic 

Tolu(ti#. 

r 


f * 


Nap. 


V})to9o“^ . ' . 

90“ to 140 ' . * L ♦ 
140“ to 17<r>" 

Abuvt* 170“ 

o.() 

* 

** 

’• 4 , 

1.2 

II.O 



9.8,^ -- 
28.9 0.9 

— C.C. 

9.0 

Total in 250 c.c^ of 
original sample. 

Per cent, of original 

().f> 

1 

0.2 

1 

1 14 

■ 1^+7 

4<)-9 

js .7 i ,;-4 

, 15-5 5-4 

9.0 C.C. 

f- 

3 -b% 


The c«ni])fete ^inaU'Ms, tfierefon;, including the estimation 
oir carbon bisul])hide and jiarafliiis, comes out as follows : 

f Tfr Cent. 

Carbon bisiiljihide ...... 0.2 

Paraffins in fraction to 140^' . . . . 1.4 

Benzene 49.9 

Toluene 15.5 

Solvent and Ikmvv naphtha (approx.) . . 5.4 

Loss on alkali washing of fnietion to 170° . . 0.8 

Loss on acid washing of fraction to 170“ . . 6.4 

Substances bpiling above 170“ in distillate up to 170“ V 
after washing ...... 

Fraction of original above 170° . . . lO.S 

To save the calculation of the percentages of paraffins and 
of carlion bisulphide from the observed sp. gr.’s, and also to 
find the calculated sp. gr. of the paraffin free mi.xtures graphs 
can be em])loyed, which are readily plotted out. 
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The following IS a co])y of a*f(irin issued by the Home Oiicc, 
which should be mount ('cl and hung in a prominent jiosition in 

all tar di-;-tilk j : 

• * 

Form eppj. , 

Sepf(’mhcy,^J(p 

FACTORY vvuKiVv-^nur av^i, kjoji^ 

T .^ Distilling. 

I'hc following directions are approved by the Home Olhcc, 
and are apjdicalile to faclories in whi h is carried on th» 
distillation of tar for the production oi *iaplttha^ light oil, 
creosote oil, and pitch. 

Fencing. 

I. All uncovered tar reservoirs, mtUs and tanks, unless con- 
structed so as to be at least three fec^ in height above the ground 
or platform, should be securely fenced, with either a brick wall 
or double rails, to the height of three feet. * 

Cleaning 

A During the process of cleaning, every tar still should be 
c' e^lctely isolated from adjoining tar stills I'ither by dis- 
co!tirecting the pipe leading from the swan-neck lO the condenser 
worm, or by disconnecting the waste gaspipe* fixed to the worm 
end or receiver. Blank flanges should be inserted between the 
disconnectiom In addition, the pit discharge jiipe or cock at 
the bottom of the still should be disconnected. 

Ventilation 

3. Every tar still should be ventilated and allowed to cool 
before persons are allowed to enter. 

Inspection 

4. Every tar still should be inspected by the Foreman or 
other responsible person before any workmiiji is allowed to enter. 

5. The inspecting Foreman on first entering rmy tar still or 
tank, aiul all persons employed in tar stills or tanks in which 
there are no Cross stays or obstructions likely to cause entangle- 
ment, should be provided with a belt securely fastencd^ipund 

283 
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cdhe body, with a rope attached, t.he ’free end being left with two 
jnen outside whose sole duty should be to watch and draw out 
any person appearing to be affected by gas. The-^^elt and rope 
should be adjusted and worn in such a cnanner that the wearer 
can be drawn up head foremost and througli the manhole and 
not across it. 

Remedy for Gassing 

f). A bottle of compressed' o..'ygen, with mouthpiece, should 
be kept at all times ready for use ; and printed instructions as 
Jo the use of this bottle, and the metliod to be employed for 
resuscitation by moans of artificial respiration, should be kept 
constantly affixed. A draft of such instructions is appended. 

' Respiraiof^' 

7. A supply of suitable chemical p'spirators properly charged 
and in good condition shoula be kept reaay for use in case of 
emergency arising from sulphuretted hydrogen or certain poison- 
ous gases. (Granules of carbon saturated with a solution of 
caustic soda readily absorb sulphuretted hydrogen and may be 
used for charging respirators.) 

Lights 

8. The use of naked lights should be strictly prohibited in 
any portion of the works where gas of an inflammable nature is 
liable to be giveii off. 


Safety Valve 

g. Each stijl should be provided with a proper safety Vt Ive, 
which should at all times be kept in efficient working condition. 

. B. A. WHITELEGGE, 

CMef Inspector of Factories. 

Home Office, 

December, igog. 


Gassing 

Symptoms. — ^Thc first symptoms are giddiness, weakness in 
^he legs, and palpitation of the heart. If a man feels these he 
should at once move into fresh warm air, when he will quickly 
recover if slightly affected. He should avoid exposure to cold. 
He should not walk home too soon after recovery ; any exertion 
is harmful. 

First Aid. — Remove the patient into fresh warm air. Send 
for the oxygen apparatus. Send for a doctor. Begin artificial 
breathing at once if the patient is insensible and continue it for 
at le^'il: half an hour, or until natural breathing returns. Give 
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oxygen* at tlie same tim^and continue it after natural bre^thingi 
returns. • , . 

Artifici/H. Bkeatiting (Schafer MetliodJ. — Place the patient 
face downwards as sho^n in«thfe diagrams. 




Knoel rt th^ sid^ of tilt patient and place your hands flat in 
the small of Ins back with thumbs nearly touching, and the 
fingers spread out on each side of the body o'. er the lowest rib§ 
(sec Diagram i). 

Then promote artificial breathtng by leaning forward over 
the patient and, without violence, produce a firm, steady, down- 
ward pressure (sec Diagram 2). Next release all pressure by 
swinging your oody backwards without lifting your hands from 
the patient (see Diagram 1). • 

Repeat tliis pressure and relaxation of pressure without any 
marked pause between the movements, ahu/ imes a minute, 
until breathing is established. 

♦Use of Oxygen CYLiNDER.—Open the valve gradually by 
tapfing the lever key (which must first be extended to its full 
h n^th) with the wrist, until the oxygen flows in ft gentle stream 
IrJTnf the mouthpiece into the patient’s mouth. The lips should 
rot be closed round the mouthpiece. The» nostrils should be 
closed during breathing in, and opened during breathing out. 

If the tect L are set, close the lips and one nostril. Let the 
conical end of the mouthpiece slightly enter the other nostril 
during breathing m, and remove it for breathing out. 

The following particulars relating to sulphuretted hydrogen 
(SHg), and carbon monoxide (CO), published by “»Mentor in 
The Gas World of November 21, 1908, win prove useful t 5 tho^e 
interested in tar distillation 

’ Symptoms of Poisoning by Carb^'^ Mondxiae 

Usually the first thing noticed by a person Mo is moving 
about aitd hq^inhalefl the gas is a tendency to palpitation, dizzi- 
ness or faintness and shortness of breath after exertion, follow- 
ing which there is a general weakening of the muscular, foental 
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f and sensory faculties. The pati/^nt iif usually drowsy. When 
t lie f blood has become about 50 per cent, saturated it is hardly 
possible for one to stand upright or walk, and with Wgher degrees- 
' of saturation the mental and inusculai^ enfeeblement becomes 
more, and more pronounced. One noteworthy point in con- 
nection witli carbon monoxide poisoning is that very little actual 
distress results from the inhalation of the ga^.^ After paralysis 
of the limbs, the efenses grhdnally become more and more 
benumbed, as they would be by the administration of a gentle 
anaesthetic. With less than i per cent, of CO in the air, death 
IS very gr.idual atid peac^-dul, and' with more tjiah i or 2 per cent., 
loss of cc^nsciousness is usually E'llowed by convulsions, and 
deatli rapidly ensues. - * 

Sym/^tonis Pmluccd hv Poisoning from SH2 
The sym])toms jiroduced by SID'poisoping ,'ire due'to two 
causes : (1) its direct irritant action on the eyes and air passages, 
nid (2) its intensely poisonous action, when absorbed, on the 
brain, heart, vtc. i Exposure to an atmosphere containing o.oi 
to 0.02 per cent, soon prodVi’ci'S inflammation of tlie eyes, and 
headaelie. Pain in the eves often comes some time after the 
exposure, and with gu'eat seveiitv, and may recur at intervals 
for several daj’s. Witli 0.05 of SHg, gid<liness and other alarm- 
ing symptoms show themselves, as well as great irritation of 
the eyes, nose, etc. 

Tables shounng ike Poisonous Effects of Varying Percentages of 
CO and SHo on Human Beings 

Cakhon Monoxidk 


Perccut.iKf of Oas erciciit. 


Piirii 

Coal (,,1*. C.irbiirctted C.iihurt'Ufcl Klfeot on Human Hinngs. 


1 Puri' 

containiiifj 

WalcT f.as, 

Water (..is " ] 

i CO. 

7 JHT Cl-llt. 

30 per cent. 

coiitauiing j 

j 

CO. 

CO. 

^2 per cent. ] 

1' 



CO. 

0.05 

0.7 

017 

O.I Aft(‘r half an hour to two | 

<1 

hours, giddiness on exer- 1 
tion. 



O.I 

T 4 

0.40 

0.2 D(t., do., inability to walk. 

0 2 

*, 2 H 

o.()0 

o..| Do., do., loss of conscious- 




ness, and jierhaps final 
death. 

! 0 4 


I-.S 

0 S Do , do., probable death. 

1 1,0 

1 'i-l-o 

.^3 

*2 0 After few minute^, loss of 


consciousness, followed 
before long by death. 
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o 001 
0.02 

o 05 

o 07 

•J.2 


Stvon,^ smell of rotten ei4^>«. ^ 

After a few minutes, initaiiont)f |lu' nose, tliT'oat and eyes, , 
tittompanied by cou^niif^. • ^ j 

Much irritation of the^ofes aad throat, giddiness and liAul- ii 
ache. I 

. -eath a^tcr several hour' ’ <‘xj. -.ure. • 

Dt^fh ii\ about one a?d a half ifinul^-s. 


The pse of Oxyi;^"n m Coses of Gassiog, How it is Administered^ 
and How Loif^ 1 1 ^Should 4 jc (itven* 

0.\9g(.M vpimblc^aid b tccovery in cases of poisoning 
from carbon mopioxide. It should tJierefore always be kept 
ready on a gasworks, Tlie ()X\’gen is conii'i ‘ssed and stored i^ 
strong steel cylinders, usually l^olding 2 ii'*cut)ic ieet. The 
cylintlcr should be provided with a jiiece of india-rubber tubing 
at the end of whicli is a metal moutlijiiece. The valy^ on the 
cylinder sliouPl be opened to the t'xtent nect'ssary to allow 
sufficient o.\ygen to issue to allow,of its being inhaled " neat," 
or without much admixture with air. The moutlijiiece is then 
plac'd loioely in the mouth, so that inhalayon may proceed 
without distending tlie lungs. If tli ■ per.sv>n is unconscious, 
* the nostrils should be closed, by pinching them with the fingers, 
during the process of inhaling, and left free during the act of 
cs:fJlralion. The lime during which oxygen j^s administered 
yo^ld be at least ten minutes. 
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Acid egj^ ' rbolir and cicsylic : 

, plant). >.,♦^*98 * • , 

Acid tar 142, 143. 144, 145 
Agitators, merhanical, 8 8.^, i?() 

v/ooden '<9 • , 

Air-blowing crude cresylic a( id, T07, 
128 • * 

pressjjire to transmit ciesyii^, at id. 
12'H • • 

to +ranamit carbolic acid, i2() 
Alkali Act requirements as regards 
foul gases, 34 

Ammonia, examination of pyridine 
for, ,231 

Ainmoniacal liquor, 7*. 
leceiver, 57 

Ammonium rlilii ule, cause of corro- 
sion oi stills, 20, 20 
sulphide, cause of corrosion of 
stills 10 

Amount of wash oil in circulation, 
219 

Annular ring or tar still seat, 39. 40 
Anthracene, crude, recovery of, 185 
'^pressing of, 187 
washing of, 187 

• Chemical and ])liysical pro- 
perties of, 183 
oil, 75 

distillation of, t 86 
filtering oi '.allevl out, 187 
salting out, 1 86 
specific gravity of, 75 
still for, 178 
fpr gas stripping, 21 \ 
plant for manufacture of crutle, 
176 

test for percentage of refined 
anthracene in, 256 
for insoluble in benzol, 257 * 

foi paraffin in, 257 
ior sand, dirt, etc., in, 257 
tests, 256 

Anthraquinone, 257 
Ash pit, ?9, 2^, 
determination of, in tar, 229 
in pitch, 235 ' 


^lALA-'^'ii-SHEET •for distillation of 

^ar. 86, ij ^ • 

Bases in com tar, 3' 
ill}', (Old tar pitch, 60, •Oj 
(.oAltruction of, (>o, 61 
cn sylic pit( h, 106 .• • 
acp 4 i to run pitch on, 78, 189 
preparation oi pitch, 78 
Kenzene, pieparalion oi tommeni- 
ally }»ur(', 156 

in tar, 3 • 

cheniical .u*! pl^sica| properties 
■ • of, 1^9 

in .toluol, determination of, tiy 
J)r Col man’s met ^4), 262 
13 ciizenoid hydrocarbons, theory of 
extraction of from gas, 218 
^n coal gas, determination of, 259 
Benzol, plant for recovery of — 
crude, grades^of, 222 
determinatic n of pyridine in, 246 
of total sul})hur in, 246 
distillation tests, 245 
estimation of fatty hydrocarbons 
in, 246 ^ 

fractionation of washed crude, i ■53, 

154 

method of» washing crude, 141- 

preparation of 90’s, 153, 154 
oi 5o’s-9o’s, 154 
I recovery of, 138 
, rectification of, 153, 154 
I stills, 130-135 

testing for specific gravity, 245 
washers, 129-136 
Benzolisecl oil tanks, 1104 
steam l*eaters for. 207 ' 

preheaters for, 207 
testing of, 261 , 

Bcrthelot-Mahlcr bomb Caiuxmieter, 
242f 843. 24I 

Black varnish, credlote for, 196 
dBlastfurnaceoil for gas^tripping, 2 1 5 
Blow-boiler, 96, 98 
Blowing boiler or tank (cresylic 
, plant), 107-108 
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Blow-over stillx, steam heateil, 130- I 
' • M? 

fire -healed, 1 30-1 31 1 

fractionating column for. 131 
Boiler, carbonating, 90 
blow, 96, 08 

Bond’s gas-stripping plant, 223 
Bottoms of stills, 24, 27, 28 
crcsylic, 127 
jiyridme, ly.j 

BriclvS, fire, 37 '• 

brindled, 37 
common, 37 
Stafford: hire blu<', 37 
Brick storage tanks. i(» 

Butterfield v^ocks, 3.^, 35, 57 

" C ” PROCESS, 201 ; 

Cadmium chloride test, j yridinc I 
bases, 231 | 

Cancer, pitch, 191-192 ' 

Cannel coal, tar from, 2 j 

Carbolate (phenolate), tar acids 111, 

125, 

boilers or tanks, 89, 90 I 

^pump for, 91 j 

springtnc tank, 89 1 

spnnging with COj, 123-125 | 

with sul])hunr a< id, 123 
Carbolic acid, 113 
CO2 process for recovering, 88, j 

I 24-1 25 ' i 

continuous process foi recovering, 

1 24-1 25 

crude, qualities of, 124 
crystallising point test, 253, 254 
determination of water in, 253 
receivers, 94, 107 
solubility test, 253 
suliihuric and process for recover- 1 
ing, 88, II 7, 123 j 

testing for specific gravilv, 253 i 

tests, 253-256 i 

washing oils for, 118-121, 122 j 

manuiacturing costs in olitaining, 

‘ 121 I 

Carbolic oil, specific gravity of, 74 
Carbon, free, in tar, 3, 6. 7- 9 
Carbonating boilers, 90 
‘ towei^s, packed and pkte types, 
91, 92, 93. 94> 95 
Carriage of coal tar, 1 3 
■Carts for carriaf^e of tar, 14 • 
Cast-iron tar stiils, 20 ,. ■ 1 

Caustic liquors, examination of, 257 i 
Caustic soda evaporator, 104 t j 
lye, 115-117 
tanks, 103, 163 


Caus+ic'sors, 103 
C'austicising plant, to 3, 104, 105 
soda ash, 115, 116 
spent liquors, iiO 
Centrifugal machines, 177 
Chamber, etort tar, specific gravity 
of, I 

Change over ])oint crude naphtha 
to light oil, 72, 73 
light oil to Jigiit creosote, 73 
light creosote to heavy creosote, 

74 ' 

heavy ircosofe to anthracene oil, 

75 

points, method used by stillmen 
to determine, 76 

Channel ])lales oi tar still, 27, 28, 40 
Charge bloi k ol iar still, 32, 33 
t'harge jnpe of tar still, 32 
of p cheater, 38 
Charging pre.icalei, 71 
tar still, 72 

Chemical composition of tar, i, 2 
Chemii al and jihysical properties of 
benzene, 139 
toluene, 150 
xylene, 152 
pyridine, 166 
najihthalene, 182 
anthracene, 183 
phenol, 1 13 
cresol, 113, 113 
Cleaning o) tar stills, 78, 79 

precautions to be taken when, 79 
CO2 gas furnace. 97, 98, 99, 100 
gas, testing of, 258 
niani])ulation of, 125 
Coal tar, chemical composition of, 

1. 2 

effect of heat of carbonisation, 3 
5 

of nature of raw material on 
})hysical properties of, i 
of nature of raw material on 
chemical composition of, 2 
hoAv received from gasworks, 13 
physical properties of , i , 2 » 
results of practical distillation of, 
4. 5 

storage of, 14-18 
tips, 13-14 

disinfectants, germicidal value of, 
242 

Coal- versus gas-firing of tar stills, 
45 

Coalite tar, 5, 6 
specific gravity of,r,5, 6 
free carbon in, 6 
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Coal tar liglft oils yield of4)^ridino 
from, 175 • 

Coal-gas, determination of naph- 
thalcn%in, 2M • 

determination of benz^roid hyjjro* 
carbons in^2 50 ^ • 

Cock, dipping for lai stills, ^ 

Cocks, Butterfield .ype, 35, 57 
gland, 57 

Coil, preliealev, 40, 50 
corrosion .>1, 50 
end or woi ?n end, 51 
Coke, testiii^, of 250^ 

4 u’*nace, 97, 99,100 

gas?s, tjjsting of, 238 
Coking firing, 46 
Collecting box, 3?, 5* 

Colour, requirements Tor pi^ruUne, 
241 • 

Colmaii’s -nclho^l of estiiiiairig the 
percentage ofiienzcne, tolu- 
ene and xylene in toluol, 262 
Combustion cdiamber of tar still 
furnace, 39 
Common bricks, 37 
Compressed air for tiansiiiitting 
distillates, 5b 

Composition of ( rude benzol, 222 
Concrete fouiulations, 15, 3b 
storage tanks, 15, x6 
reinforced, Monier system, 15 
ht'nnebique system, 15 
Concrete, 15 

Condenser tanks, 51, loO, 137, 162, 
163. ^65 

jljrain cock for, 51 
f'team-pipcs and coils for, 51 
^,c(nl and lank for cresylic plant, 
to6 

foi benzol and naphtha plant, 1 37 
for crude pyridine rectification 
plant, Jb5 

for pyridine recovery plant, 162, 
163 

Condensers, 51, 106, 136, 137, 162, 

163. 


I '"ontinubus process for manufacture 
I of carbolic acid, 10^-112* 

j cresyjic acid, 108-112 • 

tar distillation, O3-70. 85-86 
I dehydrafton of tar, 63, 8.^ 

I tar acid extraction plant, 108-112 
i Continuous stills, 63-70 • 

! (<iooler, pitch, :j^'ren(^li weir, 59 
Coolers ..pitch, 59 
I conscriittion, 59 . 

Cooling tanks for naphthalene, 177# 
Cool I ^or dcbenzolised oil, 210, 21 1 
Cool, g water (gas-stripping plai^, 
#221 .• . • 

Corro^'ion of condenser coils, 50 
I of st^l plates, 20, 26* 

I due tR ammonium chloride, 20, 

I 26 ' 

stlphide, 20^ 

Costs, Works, lor — 

* pitch getting, 190-1 91 

benzol and solvent naphtha, 15^- 
156 

carbolic ai.^ ciesylic,^2i 
•tar distillation, 87 
Cieosote for Wells’ oil, 76, 193 
Creosote, heavy, 74 
receivers for, 57 
74 

distillation of by fire, 141 
of fractions from by fire, 141 
Creosote oil, 7#, 75, 193-200 
for ’'cnzol lecovery process, 197 
for black varnish, 196 
for lighting purposes, 76, 193 
for manufacture of greases, 196 
for sheep dips# and disinfectant • 
fluids, I' >5, 196 
for timber preservation, 197 
volatility 01 , 199, 200 
Creosote oil for fuel, 194 
calorific value of, 194 
detei mination of, 242 
determination of specific gravity, 
2^5 . ,, 

of coefficient of expansion of, 


Cond'fensing worms, 51, 106, 137, i< 
163, 165 

coils, shape of, 50, 1G2 
metals used in i onstruction 

51. 165 

corrosion of, 51 

Construction 0^ tar stills, 20-35 
of fire-place, 37-39 
of flues, 37-43 

of stot|ige tanks for 14-18 
for creoSQ*€, 199 * 
of tar still bottoms, 27-28 


241 

of flash point of, 241-242 
of “ free c^^rbon•” in, J40 * 
of naphthalene in, 237-239 
of • naphthalene in (Mann’s 
method), 238 
of phenols in, ^36 
of pyi-Wine bases in, 241 
of water in, 2 ^^ 
dimethyl sulphate test, 241 
distilling range, 239-240 
for brick industry, 196 
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Crosote oil for ruei— ; Cruder Ijeavy .solvent,* washing of, 

naphthalene in, determination of, I r 141,145 
' f ( 237-239 ‘ ; Crude najihtha, 72 

, requirements of various siWeifica- j distillation by steajy, 139 
tcons, 19S ^ if ,l)v fire, 138 

specific gravity of, 74-75, 198 . , r'cceivei**for, 57 

storage of, 199 | specffic gravity^ of, 73 

tar acids in, extraction of, 1 1 7 ■ ' valuation test for, 247 
variation of properties of 193 washing of, 11 138 

Cresols, chemical and physical pro/ , Crude jiyndine bases, 172-173 
f perties of, 113-114 i drying of, 172^173 

Crcsylatc (phcnolate), springing of, ; recovery of, from pyridine water, 
122-125 ■ I 1 72-1 73 

pump foi*; 91 ' , I rectifying dried, 1 /3-1 75 

tanks or boilers, 90-91 i Crude solvent naphtha, 1 39-1 41, 144, 

Cresylic acidV 112 ' " 

air blowing of distilled. 127-12(8 
COj proceje. for recovery of, 88, 

124, 125 '■ ' ^ 

distillation of crude, 120, 127 
distillation test of, 250 
meta-cresol test, 251-253 
‘‘’receivers, 94, 107 
still for, 105, loO ' 
sulphuric acid process for recovei y 
' of, 88, 123 

test for Jiaphthalcne and neutral 
oil in, 250 

for sulphur compounds, 251 
for sulphuretted hydrogen in, 

251 

for tar acids m, '’50 
for water in, 250 
testing for specific gravity, 250 
tests, 250-253 


M5 

fractionation Oi’waslicd, 155, 156 
rectificalidn of, 155, 15G 
removal of tar acicis from, 141 
wasK^ng of. .141, 144-145 
Crystallising |jbmt of carbolic acid, 
124 

determination of, 253-254 
Curtain arch, 40 
“ ('ut ” points, 73-7O 
method used by stillmen to deter- 
mine, 76 


washing oils for, 108-112, 

121 

Cresylite tests, 251-253 
test, short, 252 
long, 252 

Crown plates of still bottoms, 27 
Crude anthracene, 187 
drying of, 188 

plant for the manufacture of, 176 
pressing of, 187 
washing of, 187 
Crude benzol, 1 40-144 
fractionation of washed, 153-155 
^recftification t)f, 15 3-1 5 5 
washiigof,i4;-i44 - 
purification of, 222 
grades of. 222 
composition o^. 222 
receivers (gas-strippinj^plaht), 210 


Debenzolised gas, 203, 204 
oil tanks, 204 
coolers tor, 210, 21 1 
testing ot, 261 

Debcnzohsing wash oil, 221, 222, 223 
still, steam supply to, 2i(), 217 


i8 - 1 Dehydration ot coal tar, 79-85 , 

I plant tor, 03 

continuous, 63, 84 

' Dephlegmators for rectifying stills, 
i 1 35-1 3b 

! Dephlegmator, outside, 209 
Determination of naphthalene in 
coal gas, 261 

, benzenoid hydrocarbons in coal 
I gas, 259 

Dipping tap for tar still, 31, 33 
for preheater, 48, 49 
cock for preheater, 48, 49 
for tar still, 31 
j rod, 33 

pischarge pipe of preheater, 48, 49 
I Discharging of pitch, 77 
I Disinfectant fluids, creosote for, ;i 95, 
196 


Crude carbolic aCld, specific gravity 1 Disinfectants, bacteriological 
of, 126' ' method for testing, 242 

Crude crcsylic acid, specific gravity Distillates, iiiethodi* of running to 
qf, 128 1 receivers, 56, 57 
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Distillation of coal tar, 71-S7 Factorv and Workshop regjdi- 

balance-sheet for, 87 •tions, 283 

continuous, 64-70, 85, 86 Filtcriri^ "salted out" oiJ, crude 

> amnionia*Water sta}.;e in, 72 7^ antlraccne recovery.proccss, 

anthracene cfil or "^reen’^oil 187 

slagcin, 71^ • * | Filter press, 180 « 

carbolic oil sta^e in, 74 , tankforcausticising plant, 103,104 

creosbte oil stage in, 74, 75 Finishing tanl^ (cai^olic or cresylic 

crude naphtlf^ stage in, 72,*73 ^ plant), 96 

light oil stag(3>in, 73. 74 • • Finishing the " sprinfflng " ta^ 

*o^ benzol, '-^3-155, 156-157 arids COj process, 125, 126 

of cres^da .id, 126. 127 ^-'irc-’ irs, 39 

4)f crude nap M^xa bV fii'%, 138 biic' s, 37 

by steam, 139 cla>" 37 * 

of light oilfby me, 139 door of tar still, 39 • 

ii-actiensb^ fn-e,,i40 plac?,^'onslruction of, 39 

by stcani, i.|0 • Firing, coal v. gas, 45, • 

creosote by fire, 141 h'lnngiof stills, 4^-47 

fractions by fire, 141 Firing, coking, 46 

of naphtha, 155, ijl) • spreading, 46 

Distilling range ol (.reosotc oil, dc- Flash point of creosote, detcrrnina- 
termination of, 239-240 tion if 2,1 • 

Divider tanks : carbolic or cresyhc of naphth-.^delcfininalion of, 248 
jilant, 94, 96 ’ Mue, single wheel, 41, 4^ 

Dividing box or separator : tar dis- construction of, 36-43 
Liiling plant, j double wheel, 41 

benzol and naphtha plant, 137 Flues ot tar still, 36-43 
crcvsylic disti'aiiig })lant, 106 Foul gases, 54-56 

Drain cock for condenser tank, 51 • gas mam, 54 

Drying tank for pyridine, 163 ejectors for, 55 

Duit sepal. dor, (pi, 101 seal pot for, 35 

separating from COg furnace gases, gase^\ methods of dealing with, 
99, loi 54-5f> 

Craven and Colman’s method of 
dealing with, 56 

JCn^ECT of water in wash oil, 216 oxide purifiers ^r dealing with, 56 

d,gg, carbolr acid, 96, 98 Foundations, ccncrete, 15 

•ciAistic soda, 163, 165 setting of, 15, 36 

pyridine acid, I6i, 165 of tar stilli^ 36 

Ejectors for foul gas mam, 54, 55 Fractionating column for cresylic 
corrosion of cones of, 55 still, 105, 106 

Emptying of 1 ak vxaggons, 13 for blow-over stills, 131, 133 

of keels and lighters, 14 for rectifying stills, 133-135 

Estimation of caustic soda in Laustic columns, 106. 131-135, 165 
liquor, 258 stills, 133, 134 

Evapprator ^or caustic soda, 104, towers, 106, 131-135, 165 

105 Fractionation of crucle cresylic, 120, 

Examination of caustic liquors, 258 127 • • 

of coke, 259 of wasted crude benzol, f53-i55 

of creosote, 235-242 of washed crude solvent, 155, 156 

' of lime mud, 258 • Fractions collected wheg^ tar is dis- 

of spent liquors, 257 ' tilled. 2, 71-76 

of tar, 225-230 ' Free carb#nin coaBte tar, 6 

Expansion, coefficient of , 1 ^f creosote, ■ Free carbon in creosote, determina- 
241 * i« tion of, 240 • 

Extraction o|, bena^ifoid hydro-, in pitch, determination of, 233 
carbons from gas, theory of, in tar, 3, 6, 7-^ 

2i 8 ' ^determination of, 228 §« 
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¥ud, economy of, 37, A 5 ~\ 1 > 
rF^id qU, ‘ coalite tar as, 5 
Fuel oil, 5, 194 
' < aloriFc value of, 194 r 

Furnace for making CO,, 97 -99. 

maiimulation of. 125 
Furnace gases ; CO, process, 124, 
I2S 


\1ases from coke furnace, 124, 123 
per cent, of CO.^ i,n, 123 
testing of. 2*38 , t 

Cias firing, 4^-47 

burners fot-, 44, 41. 45 
main, foul, 34 
sewer, 44 . , 

u.coal for firing far stills, 4r 

Gas stripping, 201-224 
Gas-stripping })lant 204-211 
benzolisecl oil tanks foi , 204 
i-condenser for debenzobsing still, 
210 c { 
crude bedzol receivers for, 210 
debenzolisod oil tanks for, 204 
heat exchangers ior, 207 
meters'loi, 211 
oil coolers for, 210 
pumps for, 21 1 
preheaters for, 207 
.separator for, 210^ 
scrubbers for, 204 
stills for, 208, 209 

washers for, 204 

Gas strippins, potroloum distillati 
for, 212 

description of process, 201- 224 
Gas oil for gas stripping, 212 
Gas, debenzolised, 2031204 
Gassing, use of oxygen ui c.ascs of, 
285 

%*jKlo?of‘— ^ 

jimicidai value of co;il-tar disin- 
fectants, 242 
:;iand cocks, 37 
arad/is of crudR benzol. 222 
eases, ’rubricating. i9f> ^ 
creosote for manufacture pi, 19U 
formulae for, 196 
Green oil foV gas stripping, 213 
Grinding machinery, iof iPrudo an 
thracene i^icovcry plant. i«o 
Gurney jet, 9G 102 ‘ 

Gutter, pitch, 60, 61 
' constrUcUon of, 60, 61 
gat^s^or, 61 


FLrat* ’exchangers (gas-strippmg 
plant), 207 

Heavy bases, 170, 17.^, ^75 

Heavy creosote, 74 
rtceiver?i« 37 
' speci4ic*gravity.':75 
Heavy naphtha, preparation of, I55 
crude naphtlia, 141, 145 
ii'ude naphtha',. method of wash- 
ing. 141, 115 

solvent naphtba, 135 

HenneUque^syJem pi making rein- 
forced t'oncrcte, 13 
High heat tar. 1.3 
Hird’s dehvdraturi pl^nt. 62 03 

Home regulations lor tar 

■■ ‘(hsl ill cries, 283 
iWizoijital retort tai .s])eeitic gravity 

highteatlar, spcnfie gravity of. t 
low heat tar, specific gravity of, 
Hydraulic presses, 1 78, 1 79. 

steam heated, 180 

Hydiocarbons, estmiation of, m 
benzol, zp) 


Inspection cbaniber, 3 4. 54 
Interoliang.- process m recovery of 
tar acids, 1 17 1 21 , 124 

frun, wrought, for stills. 20,22-27 

cast, for stills, 20 
Iron, carbon in, 2 .\ 

Lagging of steam valves. 39 
of tar still domes, 2(). 44 
Light creosote, 74 
distillation of, 14T 
of fractions from, 14 1 
receiver, 57 
specific gravity, 74 
Lighted, 73, 117. ■•19, 139 
distillation of, by <>ro, >39 
of fractions from, by steam or 
1 fire, 140 

estimation of tar acids in. 250 
of pyridine bases m, 250 
receiver, 57 
specific gravity of. 74 
still, 130 
«. valuation of, 249 
washing of, 119, 1 
Lime, II 5 . t „,.q 

Lime mud, examination of, 258 
putty, 71 

slurry or fiyid, up. 163, « 71 
filler, 103, 104. Ah. 105 
Low heat tar, i, 3 



IJNDbA 


295 


Machine, centrifugal' I77.*if9 1 Naphthalene — 

grinding. 180 ' 1 tes1*for, in cresylic acid *250 

Main's to distillate receivers, 56, 57 I “ whizzed,” 185 

Manhole lids,'^^, 34, 4^ I Neutral determination of, in 

lid stool. 33' ' • ’ • • I cresylic acid, 250 

Manholes. 3‘3‘ 34, #48 ' ^ ; Nitrogen in tar, 3 ^ 

Measuring tar in s+orage tanlts, 18 , Northern tar, 3, 4 • 

Mechanical agitators. 88. 8q, 129 i * ^ • • 

Meta-cresol, longftest of, 252 • i Oil c tljcs (gas-stripping plant), 

short test of, 25:5 • i* 207,210,211 • 

Mf'tals used m construction of con- | Oils for gas stri4)ping, 212 

den^-'^ ■ coils, 51, i(>5 1 Oil, auLiiraceiie, 75 

Metals used x., construction of t^r 1 d'.stillation &f, iSO^ 

stills, 20-27 • I sJting«)uf, 1 87 

Meters (gas-ttrippmg pi int). 21* creosotuj 193-200 ^ 

M'd He oil 74 , fucl,«y4 

washing of, 120, 1/1* | Wells’, 76, 193 ^ . 

Mid feathers, 42, 43 • • this, jilting out, ^184-187 

Midland tar, 3, 5 * • * ' fines, 3 

Mild sd'cl jOi taistillf^ 20, 22, 24. 2- , Outside dephlcgmator, 209 
Monicr system of reinforced < on- | Overflow cocli 33 

Crete, 15 ])ipe of u hc.i.tor, 48 , 

Oxide pun: lor 4lealing with foul 
Naph'iha, T55, 15b »• gase'--. • 

crude, 72 j Oxygen, use of, in cascsof gassing, ^85 

distillafion bv lire, 138 

liy steam, \ 39 j Paraffin bodies 111 coaW^r, 3 

dcterTninaticn of Hash point, 248 | I’t'ppers’ patent continuous tar acid 
distillation of, T55, 15O ;• extractor, 110-112 

test of. 248 j Pet cocks on tar slorage tanks, 18 

e--'tmiali')n of pyridine, in, 232, 248 1 1’etrolcum distillate for gas stnp- 
of tar acids in, 2 18 j P«iK. 2*2 

cdiniation of specific gravity. 2 |8 ; IflictilnLe, sodium, 114 
heavy, is'; ’ I spiingmg of, 11 7-11 8, 122, 123, 

]iaut lot rceo eery of, 129-137 | 124,125 

'Reparation of 90 per cent at , Phenol, chemical and physical pro- 
160° C. solvent, 155 } pcrtios of,*!! 5 

•of 75° h'. flash solvent, 156 Phenols, recow y of, 113-128 
of 85° P. flash solvent, i5() : Pipe lines ^or the conveyance of 

lecovery of, 138-148 tar, 13, 14, 19 

rectification of, 155, 150 Pilch. 76-78, 127. 189-192 

stills, 130 - ;5 bay for coal far pitch. Go, Gi 

testing of, 24S construction of, Go-Gi 

valuation of <Tnde, 247 for cresylic pitch, loG 

washers, 129, 130 preparation of, 78 

Naphthalene, 2, 182 cancer, 191-192 

chemical and physical properties cock on tar stills, 35 

of. 182 cooler, French weir, 59, Go 

cooling tanks for, T7G, 177. 210 cooler^, 59. Go • 

deteimination of, in coal gas, 261 coolers, Konstruclion of, 59 
• drained, 185 • .cool»ig. 7O, 77, 78, 189 

plant for recovery of crude, 176- depth to run to in ba^, 78, 189 
• 1 81 deternynation specific gravity 

pressed, 185, 18G of, 2.33 ^ 

recrystailising crude, 184 of ash in, 235 

” salt*,” 73, 74, 184* 'of ” free carbon in, 233 

specific grimty of, 182 of twisting point of, 233 

testjor, in creosote, 237-239 of volatile matter in, 2^4 



INDEX 


IJitch— 1 n 

^ dlschat'ging of, 78 f 

•"getfers, protection of, H)iy 19^ 
gcttinc, 189-191 f 

cost of, 190-191 
getting tools, 190 
'gutter, 60 , 

constructiop of,»0o ^ ^ 

gates for outlets, f)0, fn ^ 1* 

hai^l, 189' If' 

f. medium, 189 * 

running olf of, 7^>-78 

i«q, ■ , ,, 

tests, 23,^-233 ♦ ‘ 

Pitch of 1 ive)^ holes, 1 7, 23. 2[ 

of still dome, 26, 27 # ' ' 

Plant lor the recovery o1 benzol, 

1 ^9-1/7 r f 

of crude anthracene. 178-181 1 

of crude carbolic. 88 -I T2 . 1 

of crude cresylic,) 88-11 2 

„ of crude naphthalene, 178 -181 1 

of naphtha,,' 29-^37 
of pyrn^ine bases, ibo-ib") » \ 
for the continuous dehydration j 1 
of tar, O2, (>3 I 

for the^cutinuous distillation of , 
tar, 63-70 ^ 

for the extraction of tar acids. 88, | J 
108-112 I 

for gas stripping. 204 -211 | 

caiisticisirig, io3-i')5 1 

spent licpiors, 103-105 ! 

tar distilling, 20-70 
Plates, channel. 27, 28, 39 
corro.sion of still, 20, 26 
' crown, 27, 28 ♦' 

lamination defects of wrought- 
iron, 22 , 

protection of still, 39 - 4 ^ 
sketc;h, 26, 27 

steel, for still construction, 20-25 
wrought- iron, for still construc- 
f tion, 20-26 

* Poisoning by carbon monoxide, 

% symptoms of, 2H5, 2H6 

by sulphuretted hydrogen, symp- 
toms of, 286, 287 

PeifSonoiVi effects of varymg,pcrccnt- 
ages of COg and SHg nn 
human beings, 286, 207 
Preheaters, *48-50 : 

advantage of, , r j 

charge pipe, 48^ 

charging of, ^71 < 

coil, 50-51 
' corrosion of, 51 
construction of, 48-50 


Preheatfrs — 

dipping tap or cock, 48 
discharge pipe, 48 
inlet and outlet fflcmgs for coil 
«• fofj^^Q . ' 

' manhole and li^,, 4^ 
overflow pipe, 48 
swan neck, 48 

Prehcalcrs for gtwi-stripping plant, 

» 207 

'Prepared tar, 79-85 
l^reserving timber, creosote for, I 97 > 
n 198 ^ ♦ . 

Ihesscs, filter, *1 80 
lyydraiilic, 178, 170 ' 

Pressing rough oivcrude anthracene, 
187 t 

eVude naphthalene, 185 
Proces^ “ 201 f 

Producer gas,#.^,p 4f, 
sewer, 44 

Ihimp for carbolate or cresylate : 
COg process, 62 
for caiisticising plant, 104 
Pumps, emergency, 62 
for tar, 18 

for (gas-stnpping plant), 21 1 
j Purifiers, oxide, 56 
i Purifying gases from COg furnaces, 
i 99 

1 tower. 99-T02 • 

j Purification of crude benzol, 146 -148 
1 Pyridine, yield of. from coal tar 
light oils, 175 

Pyridine, 3, 141. 142. iW>-i 75 ; 
acid, 142, 144, 168-171 

dilution of, 1 68 ^ 

egg, 161 ' 

neutralised, distillation of, 169- 
171 

neutralising, 169 

5 plant for working up of, 160- 
165 

stills'for neutralised, 161-162 
tanks, 160, 1 61 
bases, 3, 141, 142, 166-175 , 

I- drying of crude, 171, 172 

drying tank for, 163 
t- estimation of, in naphtha, 232,^ 

n • 248 , r 

' ♦ estimation of, in benzol, 24O 
- in creosote, 241 

I heavy, 170, 173, 175 

I rectification of. 173-^75 

1 rectifying still for, 164 ’ 

f still, leaning, of, 17 ^ 

bottoms, storage Tank for, 165. ' 
' refractionation of, 174-175 v 
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Pyridine ba?es — 1 iti'<,tihcation ot benzols and nap^-. 

cadmium chloride test, - ^Ihas, T49-159 

determination of water in, 230 I of ergde benzol, 153-155, 150, r57 
distillati^Wi test of* 231 solvei^ najihtha, 155-156 

of crude, J32 • *• * I of crude aried pyridine, /73-1 75 

German Federal Codicil speo*'- j l^ectification stills, 133- 13^ 

fication, 2^0 * I Kemforced contrclc, Hennebiq«e 

limit of colour in commercial, ■ • systcm,#i5 • 

231 • M^’'’«r '.ystem, 15 

preparalion 01 90 per cent, ^t j* tanks. 1 5-1 6 • * 

T'lo” C , 17* • Fidea>-Walker test for disinfectant 

lecovery 166-175 . | .luids, 242-2.<|5 * 

plant, it'-ylgnset roil and tajjk , Kr'j., .innular ; •or tar jfill scat, 
lor, 162I 163,1165 i • • 


solubility^f, in water, 231 
lest fo^ arnniorya m, 231 
test for oil ill frud^,,2^T 
tests, 230-232 
titration test, 231 
vahHitK n +es1^o1 t^^ide, 2^3“ 
w.der, 171-173 
receivers, i(>3 
reco'.ery ot crude bases from. 


! ... 

I Kivet lioV's, luakin}.^ ipf, in plates 

I rfv tar stills, 2 3 

j Kivetmg still plates, 23 
! storage tank |)late?, 17 
I Koad*lioard, specifications for road 
treatment, 81, 82. 83 
I specifiratio6s,remarks upon. Si , 82 

I Road t.ii Iribles illustrating pjo- 
peri' of, ^>£-'83 


1 71-173 5^oofing fel<,1:ar for pr»paration of, 

recovery of crude bases from, ; 84 


by sod.i ash, 172, 173 
Railway tan ; waggons 


Running oft tar stills, 76. 77 
pitch, 76-78 
Run-oft cocks, 35 


carnage, 13 

Reaction towers, packed and plate 
types, 91-04 

Receivers, crude ben/ol, 210 
for ammoniacal liquor, 57 
lor anthracene oil, 57 
for ben. 20 J. 137 

Jjpr bottoms ; cresylic plant, loO 
for carbolic acid, 93, T07 
fy coal tar distillates, 57 
for ^resylic acid, 94, 107 
lor crude naphtha, 57 
for heavy creosote, 57 
for light Cl osote, 57 
for light oil, 57 
for naphtha, 137 
for overflow tar, 57 
lor pyridine water, 1 63 
fot spent liquors, 95 
for tar acids, 94, 107 
mains to, 56, 57, 58 
pipe line.s to, 56, 57, 58 
. steam coils for, 57 
Receiving box, 51, 52, 56 
tanks, typfes of, 57, 58 
Recovery of benzols, 138-148 
of naphthas, 138"! 48 
pyridyie ba^s, 16(^75 

from pyirfmnc water, 1 71-1 73 
of tar acids, 1 1 3-128 


Safkty contrivance, S pipe, 29, 30 
valves for t*r stills. 28, 29 
CAainination of, 7'6 
Salted out oil, filtering of, 187 
Salting out oils, iSp 186 
tanks for (anthracene and naph- 
thalene plftnt), 176 
Scrubbers for g ,s stri])ping, 204 
Seal pot on j^ul gas main, 55 
Separation of ammoniacal liquor 
j from crude naphtha, 72 

of dust from COg furnace gases, 99 
I of w'ater from CO3 furnace gases, 
j 102 

! from crude naphtha, 72 

I from tar, 71 

I Separator, dust, 99 

water, in COg carbolic and cresylic 
process, 102 * * “ 

Setting ^ itills, 39, 40 
Spwer,*for producer gas, 44 
Shale oil for gas stripping, 212 
Sheep dip, creosot# tor, 195 
Sketch plates, 26,^7 
Sluice valve on storage tank, 18 
' ' Soda-ash, causticising of, 114-116 
Sodium phcnolate, 114 
cresyUte, 114 
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Solubility of cafbolic acid 'examina- I 
* • tiQn lor, 253 , 

rji pyridine, examination fpi . 231 , 
Solvent naphtha, 1.55 ^ 

' heavy: 155 

go per cent, at ido” L , 153 
‘ ^gopei'cent at , 150 

00 per cent, at^ igo^^ h' , 1 55 ^ 

75'^ F. flash, 15(> f 

85" F. tlasV. T 5 b ' 

f maiTufacture of, 153, 136 
Southport debenzolisiiif;: plant, 223- 
224 

Specific gravity pf fmtVracef'e od, 

of anthraci^he, 1 8 ^ ^ # 

()1 benzol, detenninatioii of, 243 

01 carbolic *0^1, 74 ^ 

of chamber retort tar, i 

ol coalite tar, 5 

of creosote, determijiation oi, 2^3 
of cresvlic acid, determination ot, 

'' 230 

of crude e^ibolic, iz> ^ , i 

of (Tude cresyhc acid, 128 

(fi crude na^i'htha, 7 ^ 

of heavy»t,reosote, 73 

of high heat tar, i 

of light creosote, 74 * 

of light oil, 74 

of low heat tar, 1 

of naphtha, detei in^ nation of, 2 (8 
of naphthalvne, 182 
of pitch, determination of, 233 
of tar, I, 2, 5, (y. 7, <), n 
determination ol, 225, 22b 
« of vertical rctoi tftar, i, 0, 7, 1 1 
Specifications for creosote, 107, 

199 . - 

for pyridine, 230, 231* 

Spent liquor rcceivi'rs, 93 
can Stic 1 sing, iiO 

Spent liquors, examination of, 257 
, Spreading firing. 46 
Springing tanks, 89 
Stefmi coils in storage tanks. 

' in tar stills, arrangement of, 30- 

32 

tor tondcnscr'tanks, 51 
Steam distillation, 73, i3^-^1^» ^^4" 
138 « • 

Steam, ’ in ti;pcl notion of, into tai 
stills, 75 , , t , -1 

Steam heaters lor benifolised oil, 
207 ^ 

Steam supply ffu clcbenzoUsing still 
216, 217 

Steaming, out tank waggons, 14 


Steel, Viuld, for tar still?i, 20, 22, 24, 
'23 . 

Steel plates for stills, shaping of-, 22- 
2 ^ ^ 

StiU, tar, 2.0--55 . 

* ashpit l^r, 3<) , 

bottdni, 24, 27, 28 
tharge block for, 32, 33 
clvirging, 7F 
' , cleaning, 78, 79 
* construction of, 20 ^3 
corrosion ol, 20, 26 
continuous, 

*(lesign of, 2 (v 28 
dpiping lap for, 31. w 
dfsi haiging or running oil, 7!)- 78 
dome, 23. 

(touble wheel fine for, 41 
f firing of, 43-17 
firepface lor^ 39 , 
dues for, 36-4 3 
foundafions for, 3(1 
foundations, settling of, 3b 
gas7'. coal for firing, 45 
lagging of dome of, 2O, 34 
manhole and lid for, 3 3, 34 
plates for, 20-20 
protect ion of bottom of, 39-4 ^ 
ol cliannel plates of, 39-31 
of shell of, 41- 42 
run-off 411 pe for, 33 

i sah'ly-valve for, 28, 29 

setfing. 39. 40 
shell, 23. 26 
single wheel flue for, 42 
, sizes of, 24 

i steam coils for, 30-32 

' steam inlet for, 30, 31 

swan neck for, 29 
I swan -neck stool for, 29 
' tar, gas burners for firing, 

’ •13-45^ 

working of, 71 -7b 
for anthracene oil, 178 
I for cresyhc acid, 103, 106 

distillation of benzolised oil, 221 
for light oil, 130 

. lor neutralised pyridine acid, ifii, 
162 

for rectifying pyridine bases, 164, 

t 

'1 i cleaning of, 173 ... 

■ tank for charging cresyhc lato, 
I, 104 

Stills,, blow-over steam heated, 13b, 
1 , 0 ’ 1 31, %32 , 

! fire heatc?!, i 30 .‘» 5 i 

1 for crude naphtha, 1 30-1 32 ’ 
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Stills — Tanks — . 

for light uu, for, iccrystallising (na^hth^leng 

for redistilled light oil, 130-132 jecovery process), 177* • 

Stool for safely- valve, ^8 for salting out (naphthalene re- 

for swan neck, izcj * •• • covery process), 17O* 

Storage tank for<()yridinc botton.-*., for (anthracene recovery jirocess), , 
1O5 * • 179 • 

Storage tanks, construction of, i ]- * for spnnginjp, 8 q, 

18 • fo^ nabing, 88, 89, i2() 

benzol and napl^tha ])lan1, 1 37 * * storage* reinforced c«ii<- rete^ 1 5 
•brick, In •) w'o light- iron, t()- 18 


lor carlx*' and ciesylic ax'ids, 1)7 
10V 1 reosotv ,.1^9 • , 

*ior tav, 1.^-1 8 • 

found.’tioas lor, 15 % 

ri 'iiiou . d conejete, 1 5, lO 
site for, 15 •« 

wrovight-iroii, i()-i8 • • 

Steamed ml lor gas .slrqipmg^ 2i2, 
•2I9 • % 

Stri]j]nng ol ga-i, 201 22^ 
plant for, 204 211 

Su 1 ])liiireLtetl hydrogen in cresylic 
acid, 127 , 

Sulphur, determination ot, m tai, 
228 

in ben/ol, 24 0 

tompouiuls deteiinination ol, in 
cresylic, 251 . 

Sulphuric acid process of reeovi'ring j 
tar acids from phenolates, 
88,117,123 

Sum]) for jnimp suction end , CO^, 
tar m id recovery jilant, 91 
Supply ot wash oil to washers, 204, 
s 211, 219 
S van-neck nreheater , 48 
• erf tar still, 29 

Tables, Road Tar specifications, 81, 
82, 83 

Tail pipe of t -sylic still, 105 
of tar still, 35 

Tank, finishing (carbolic and jesylic 
plant), ()0 

Tank for charging cresylic still, 10, 1 
Tantes, causticismg, 103 

divider (cresylic and carbolic 
plant), 94, 90 
for air blowing, 107 
for caustic soila, 103, 163 • 

foi condenser coils, 51, loG, 137, 

• 162, 163, 165 

for cresylate and carbolate, 90, 91 
for drying pyridine, 163 
for li^ne slurry or yfud, 103, 104,* 
164, 

for pyridine acid, 160 


1 01 benzol and naphtha pkftit, 

* . 

14 i toai t;ft, Uj-iS 

forcwoaole, 199 ^ 

for rfar acids, 97 

Tank waggons, 13 

‘mptying of^ 13*" * 
tip lor, 13-T4 

, method of cleaning out, 14 
Tank, storagi#; sluice valve for, i8 
Tanks for Ic^’enzoliscd oil, 204 ^ 

b nzoi d 011^204 
'I'ap, dippin;,*for tar stiAls, 31, 33 
Tar acids, 113 , 

CO2 process for recovery of, from 
pheuolale, 88, ii^r7i24, 125 
in creosote, determination of, 236, 

• 237 

in onidc naphtha, 138 
in light oil, determination of, 250 
in na])htha.rleterinmation of, 248 
in phenolate, detctminalion of, 

254 

receivers for, 94, 107 
storage tanks lor, 97 
sulphuric ac id process for recovery* 
of, from phenolatc, 88, 117, 

123 , 

washers used in recovery of, 88, 
89 

'Tar, its composition, i, 2 

effect of nature of raw material on 
chemical ('omposition of, 2 * 

of nature of raw material on jjhj^ 
sical properties of, i ^ 

of temperature of carbonisation 
on composition of, 3 
of temperature 5 f cariion!sa#on 
pliysical properties of, i 
, carts, 14 

chamber retorts, specific gravity 
o^ I • 

dehy dr tiled, 79,^83 
determination of water in, 225 
of ash in, 229 * 
of fite carbon in ; Hooper’s 
method, 228 
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. Tar. determination — 1 

f * of If ee carbon m ; W^rnes’s 

• ’’method, 228 f 

, of siiecific gravity of, 226, 227 ^ 

of specitic gravity of, Clmrcli’s * 
iij^ethod, 22O I 

of siietific gravity of, Tmiige’s I ' 
method, 227 # , * : 

of sul])hur in, 228 ^ • 

distillation of, 71-87 

ammonia water stage m, 72-73 

* anthracene oil stage m, 75 t 
p crude naphtha' stage in, 72-73 j 

heavy creosote s*lag»' m, V3~75 : 
introduction of stcacn dining, i 

75 * 

light creosote stage in, 74 
light oil sfage in, 73, 74 , 
middle oil or caibohc oil stage 
in, 74 

distilling : I'actoryl^nd Workshop ■ 

, Act regulations, 283 
emptying keel and hghters of, 14 
examiiiatirm of, 225 -230 , ■ 

for Koad treatment, 81-83 j 

lor roofing felt , 84 \ 

from cafwi I coal, 2 
from shalcy coal, 2 ' 

horizontal retort, high heat, . 
sjiecific gravity of, i 
low heat, spec die giavity of, 1 
how delivered to dU'.tillery, 13 ; 

measuring of, in storage tanks, t8 ■ 

Midland, 3, 5 ! 

Northern, 3, 4 | 

prepared, 70-85 j 

pumps, 18 *■ j 

railway tank waggons, 13 
specific gravity of, 1,^2, 5, 0, 7, 0, 

II 

stills, 30-35 
cast-iron, 20 
cleaning of, 78, 70 
construction of, 20-35 
^ corrosion of, 20-26 
metals used in construction of, ^ 
20-27 I 

wrought-iron and mild steel, 20- ' 
f "27, ^ 

testing for yield of products, 229 
tips for railway tank waggdns, 1 3r- 

14 ^ 

for carts, 74 , 

vertical retort, specific gravity of, 

I, 6, 7, 11 ^ 

wells or storage tanks, 14-18 
.'ar wells brick, 16 
coxlstfotf; 18 

, t't 


ar \ 

* foundations for, 15 
iron, ib-i8 

reinforced concrdTc, 15-16 
♦'oites Ibr, 15 • 

^ar, Y^rk^iire, 3,#^ 

'ar stills, annular ring or scat for, 
3 <), 4 « 

diottom of, 2 4v 27, 28 

# burners for gas firing, 43-45 
charging of, 72 

dipping cock for, 31, 32 
, discharging pitch from, 77 , 

dome of, /5, 26 
^double wheel flue f^r, 41 
flues, construrtion ol, 3O-43 
foundations lor, 36 
'.settling of, 36 

" Ipfj^h-pitched dome, fai^lts of, 
20 #• » 

manhole and lid for, 33, 34 
“ priming ” of, during working. 
7 ^ 

far, coalite, 5, 6 

specific gravity of, 5, 6 
free carbon in. 6 
mams for, 13, 14, iq 
pipe lines for the conveyance of, 

i.i, 14. 19 

})lant lor clchydration of, 62, O3 
balance-sheet for distillation of, 
86, 87 

acid extraction plant, continu- 
ous, 108-112 
viscosity of, i, 2 

ultimate products from Mid- 
land, 5 

from Duckiiam Woodhall vertical 
retorts, 12 

still, swan-neck stool for, 29 
distillation, continuous, 63-70, 85- 
86 

dehydration, continuous, 63, 84 
acids extraction, Peppers’ patent 
plant, II0-II2 

acids extraction, Hird’s patent 
plant, 108-1 10 

acids in wash oil (effect of), 216 
still, run-off pipe for, 35 
safety-valve for, 28-29 
( - shell of, 23, 24, 25 

single wheel flue for, 41, 42 
steam coils for, 30-32 
arrangement in, 30-32 
swan neck of, 29 
tail pipe*i'pr, 35 ,, • 

thermometer for, ^'5 
stills, gas firing of, 43-4G 
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Tar stills — • 

making rivet mnus ly puiLus f»r, 

. 23 

shaping (^plat( s f*>r, 22-23 
various sues ol, 2.| , • 

Temperature of v^ash 220 ^ 

Testing benzoliseff and debcftzohsid 
oil, 261 

Testing coal tar, 225-2:^0 


Thermometer forVar still, 35 * |(,Wash».iS Air gas stripping, 204 

Thickness of pi atc'^ised for still con-#j Washing, benzol, 141-14 3 
strut i ion, 2^ ^ 

Thickening .-«f wash oil, 217, 220, 

. -21 ; • 

Timbei, creosote for the jirest^va- 
tion m, 197, T98 • 

Tip, tar, for rail v\ a^ 1 JWik waggons, 1 3 
for carts, 14 * ^ * 

Tcluene, preparation of coinm-r^- 
^lly pure, 156-^57 •“ 


Wash oil, ‘effects of tar acids in, 216 
water in, 216 ^ ‘ 

. amount of, in circulation, *9 # * 
suppTy of, to washers, 204, 21 1, 
219® • 
temperature of, 216, 220 
thickening of, 217, 220, 2*:i ^ 

• debenzolisine ol,.22i, 222, 223 
sp«Hl of, througlf still, 222 


cruiif naphtha, 138 
h< vy solventf 145 
solvAUit, ^ 14 # 14^ 
tanks for remov “ 


removing tar acids from 
oils! 88, 89 • 

tanks^or washing crude anthra- 
cene, 180 # • 

Washihg out tar acids from oils, 

clv'inical and *1111 yll^'a! properties 1* light creosote fractions for tar 
of, 150-T52 I a-'ids, *17, 120, 121 

in toluol, determination of, by | light on t ai lions for tar acias. 

Dr ColmaiTs methocl, 262 1 117, 12* , 

Toluol, prepai'ation of 90 per cent, at I * middle oil for tar acids, 120, 


120° C , 15O 
'J'l'wcr, carbonating, 91, 92, 93, 94, 
95 

packed t>|)c, 91, 93» 95 
plate type, 91, 92 
fractionating, 106, 131-135, 105 
purifying, 99-101 
reaction, 91, 92, 99 94. 95 
packed type, 91, 93, 95 
plate t} jie, 91, 92 
jifashing, 99-101 

Treatment of roads : Roads Board 
spec ideations, 81, 82, 83 
TwiStmg point of pitch, determina- 
tion of, 233 

Valuation id crude naphtha, 247 
of crude p>iidine, 232 
of light oil, 2 ^9 
Valve, safety, 28. 29 
Valves, steam, lagging of, 58-59 
^un-mcLal, 58 
cast-steel, 58 
cast-iron, 59 
gate, 1 61, 162 

.Vertical retorts, tar from, i, 6, 7, 
Viscosity of coal tar, 1,2 
Vol|itile mat ter in pitch, determina- 
tion of, 234 

Volatility of creosote, 199, 200 

Wash oil for^i^sfcstripfimg, 197-^99, 
212-216 


Washing tanks , benzoljjjjil naphtha 
plant, 129, 130 

Washing tower, for washing gases 
• from CO2 furnace, 99-1 oz 
Water, ammoniacal, separating from 
tar, 71 ^ 

coo'mg (ga.,-strippinf: plant), 221 
determination ol, in crude pyri- 
dine, 230, 232 
in carbolic acid, 253 
in creosote oil. 235 
in cresylic .icid, 250 
in pyridine bases, 230 
in tar, A 5 

separating from COj furnace 
gases, 102 

.separation of, from crude naphtha, 
72 « 

from crude pyridine bases, 171-# 
173 • j 

from crude pyridine bases by 
soda ash, 172 

separator (carbolic an^ cftsjj^c 

Water box, 53, 54 
Well, tar, construction ^f, 14-18 
foundations ioT,i 5 
site foif 15 
Wells’ oil, 76, 193 • 
f Wheel flue, single, f(?r tar still, 41- 
42 • 

double, for tar still, 411 * 
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Wood preservative ; creosote for, 

vVioodhall-Duckham vertical retort 
tar, 12 

Works ewperimenis on -vi^ttshing oils, 
121, 122 
Works clists — 
benzol, 158, ^ 

carbolic, 121 ^ 

pitch {netting, 190-191 ' t 

t tar*clistillation, 87 
Working of tar stills, 71-7 
Worm end, 51 . 


Wrougli^-iron for tar stills, 20-27 

» 

Xylene, chemical and physical pro- 
perties of, 152^153 
^ ic.ctoliiol, deteripination of, by Dr 
, Col^i all’s ij^ethod, 262 
Xylene's, prejiaration of commerci- 
ally pure, 156-157 

yiEims of various distillates from 
f tar, ^-12 

Yorksljiretar, 3, 4 
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SAM? CUTLER i& SONS UP D 




COMPLETE PLANTS FOR THE 
PRODOCTiON OF 

Coal Gas~Wai«r Gas 

AND 

Hydrogen. Gas 

ON LATEST IMPROVED (WETKODS 









THE BRYftlU DONKIN COMPANY 


lilMITEl) 


MAKERS OF 

GAS EXHAUSTING PLANTS in capacities from 
rlOO to 750, OOO cu'hic feet i/er, hour to suit ^11 conditions. 

'rateau turbo exhausters, blowers 

' and Driven by Steam Turbine, Gas Engine:, 

‘ Electric Motor or licit, for Pressure Raising, Gas Com- 

pressing, dealing vi' h Gas from Coke Overs, etc. 

ROTARY BLOWERS AND COMPRESSORS of 

positive type for Industrial Pirposcs. A large number 
supplied for tfse in connection with Gak Furnaces, etc. 

RECIPROCATING GAS COMPRESSORS for 

High Pressures. 

COMBINED METER BLOWERS for Oxide Revivi 
fication. 


PATENT DISTRICT GAS GOVERNORS, capable 

of reducing with accuracy any Pressure up to 50 lbs. per 
square inch Udwii to the ordinary District Pressure in one 
stage. Absolute certainty of action under all conditions. 

HIGH AND LOW PRESSURE REGULATORS 

I for Gas ( Services, Meters, Gas Fires and Stoves. 
(Thousands supplied.) o 

GAS VALVES' of all sizes and types for all purposes. 
Single and Double Faced. 

GLAND PLUG COCKS 
> SERVICE CLAMPS AND FITTINGS 
TAR, LIQUOR AND WATER PUMPS " 

1 • *• I— 

* Z 

High Pressure (fas distribution Schemes quoted for 
All »ur Machinery is of the very highest class and 
can t»e inspected under test before delivery 

HEAD OFFICE AND WORKS w 

C^HESTERFIELD, ENGLAND 



LEEDS. ®. BRADFORD 
DOH^R CO.,- LTD 

' STANNIJJGLEY 

Contraetortf to tlie War (Jffice, the India Qflicc.^the 
Adniira'ty, ’the Crown Agents for the Colonies, etj/ 

COA^BLEJE TAR DISlJLLJHf; PLANTS 




' 




HIGH-CLASS TAR STILLS 

Top.s and Bott^is pressed to shape by Special Hydraulic Machinery 
^llivet Ilolesjl rilled in position_, which ensures the highest possible 
class of I'll- Still made ; and all rivetting^ where practicable 
**<10116 by Hydraulic Machinery 

NEW'STILL BOJT'OMS 


BENZOL STILLS, WASHERS, RECEIVERS. 
CONEENSING TANKS, SEPARATORS, DISTIU.ATE TANKS, 
STORAGE TANKS, PANS, WROUGHT AND CAST PIPING, 

• COILS, ETC. • 

• • 

Enquiries solicited for all kinds of Wvetted Steel Plate WArt 
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1 .t) n 


0 ,^' >'» 4 ; 4 |; 
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. Free from „Starch 

• r r 

Secure the most accurate results in your experiments 
by usivg the Genuine Brinish-Made Whatman Filter 
••papers ; there is a grade to suit every analysis. 
Whatrnan Scries include single acid-washed, double 
acid-washed, hardened, fat-free, drop reaction papers, 
Extraction Tl^imblcs, etc. 

Use a filter paper on which you can absolutely rely— ^ 

use Whatman. Ask your dealer to-day for informa- 

< 

tion about 


Grade 

\ * . 


Rocked by all Lhbdratory Furnishers 
*■ \ 

In even! of difficulty in obtaining supplies or 
free samples, write to the |iole Sales Representatives : 

H. ANGEL & COMPANY, 15 New Bridge Street, London, E.C.4 












tAmii; sauii co.,i» 

MOOR EVD,^ KUNSL^T, LEEDS 

TELEGRAPHIC address; GAS. L(ED^ 


STRUSTURAL S1}E^U*WORK 
STEEIr CHfMNEYS* 

BOILERS 

SCRUBBERS 

COOLERS 

CONDENSERS 

TANKS 

STILLS 

RECEIVERS 

DEPHLEGM ATORS 

CARBURETTORS, &c. 


RECOVERY PLANTS 


INQUIIHES- INVITED 




Vlll' 



mm 



THELEJBIMICO.M 

SNODLANP,- KENt 



“LEAD WOOL” 

e 

provides for c^ulking^ ihfoughout the 
whole depth of the socket, rfbt iacc 
caulkine only as with run lead 

r. ^ 

THE LEAD WOOL JOINT 

IS STRONGER, CHEAPER 

t 

and more convenient than any other 
method^ of jointing for Cast-Iron or 
Steel Pipes 


.SILVER THREAD PACKING 

f ' AND 

^METALL1C YARN PACKING 

f ^1 

Metallic Packings mos't suitable for Gas 
Works, [ use; "Supplied in moulded rings 
or in rope form for Steam CorilpressoRs 
and Exhausters 



RETQRtS. 

COKE OVEN riLOCES^- 

. BRICKS, '.icw any required* SituAtioa 


* * 


“SYO” Retorts made frorrv clean and 
spfecfijLily toughened* Silica 


<<LUMA 


Retorts, etc^, irj the belt 
grad*e of material givi/ig 
high content of Alumina 


• Enamelled and Segmental Retbrts, 

^ Chrome, Magnesite, Carsil, Zircoma, and 
all kinds of Refractory S(Jecials, 
Paints, Coverings and Giazes, etc., 
to suit conditions 


WILLIAMSON CLIEF, 

LIMITED * 

STAMFORD. El^^LAND 


. London CMfice: • 

17 MOr^OMENT STREET 


Telephone : 

16 Stamford 
Avenue London 






CHAS.PA6EM0. 

47/51 KING WILLIAM ST. 

MERCHANTS EXPORTERS 

LONDON, E.C. * 


TAR PROMTS 


Suppliers of Benzol Vl^phlnsT Oil 





(Registered Tr^de Mafk) ' 


GAS Mantles 



BRITISH MADE THROUGHOUT 

BY BRITISH LABOUR 

' — 

* * SOLE MANUFACTURERS 

The ‘Rdmie Company, Litnited 

' « 

* (Warburton’s Patents) 

Victoria iVtilis,' bredbury, near Stockport 


PRICES ON APPLICATION 






'ANTHRKCENE 1 
NAPHTHAtENt 
sulphate' OF AMMONIA. -Ftc. 


Machines suitable for Belt, • 
Engine, or Electric Motor 
Drives. Central Bottom Dis- 
charge Valves 

See our new type of Ball clear- 
ing Spindle, the most eco- 
nomical and efficient type of 
Spindle Head on the Market 


SENp FOR CATALOGUES Affl> PARTICULARS 
FROM fHE MAKERS 

POJT,. CUSSELS. & 'WILllAMSON 

MOTHERWELL, SCOTLAN$» 






00^1 TAR 

And 

KHIMONIA FMCTS 

C 

Benzole, Toluole, Solvent Naphtha, 
Creosote Ci!s,‘ Grease Oils, Car- 
bolic Acid, Dark Cresyiic Acid, 
Granulated (Crude) and Sublimed 
Naphthalene, Beta Naphthol,' Ah- 1 
thracene. Refined Tar and Pitch. 
Sulphate of Ammonia containing 
a guaranteed minimum of 25 per 
cent. Ammonia. 


FOR PRICES APPLY TO THE 

SOUTH METROPOLITAN GAS COMPANY 

709 OLD KENT. ftOAD 
.ONDbN, S.E.15 

TefegrafiMc AddrBf 

Inland : “MBTROOAS, PECK, LOEDOH ” Foreign ; “ METROO^Sj LORDOM ’ 



Benz«l (pure) 

‘ .•iuo! (pure)* 

•• • 

Xylol • 

Solvfin^ Naphtha 

High- Flash Naf>htha 

• • 

SoNene% • 

Naphthalene (pure) 
Carbolic Crystals 
Cresylic Acid 
Orthocresol 
Metacresol 
Creosote 


Anthracene • 

Pyridi/ie 
* R^ftn^d Tar 
•Uitch 

, Fuel OM * 

Blacj^ Varnish 
Oxi of Iron 

Ammonia { m \ strength*) 
Ammonium Carbonate 
Sulphuric Acid 
Nitrid Acid • 


BENZOL ABSORBING OIL 


Brothertoii 

& Co., Ltd. 

e 

" ■ ' ■ ' * 'g " ’ — 

Ammonia ^ Tar* Distillers^ 


Works - 
Birmingham 
‘Glasgow 
Ufes 
Liverpool 


City Chambers * 

Leeds 


Works- 

Middlesbro’ 

Sunderland 

Wakefield 

W%r|dngton 



ESTABLISHED l834- 




TELraRAMS: , ^ 

••Q’BBcJnS, LOW^k? QORNjjL' 


TELEPHONE 
2450 otjtfLEY 



Ga€ £)ngrneers 

# • • 

lii • S^^ClAi^ISING 

• ^ RETORT HOUSE BUILDK GS fOMPLETC* ^ 

WITH IJJSTALLAtToN * 

RETORT BENCHES, SETTINGS AN© 

• 

REGENERATOR^ OF EVERY DESCRIPTION 
CHARGING AND STOKING MACHINES • 
(GUEST-GIBBCNS PATENT^ 

RETORT FITTINGS 

FURNACE FITTINGS ^ , 

• ELEVATORS, HOPPERS, AND CONVEYING 

MACHINERY TO StllT ANY PLANT 

TELPHER TRACKS AND RUNS 

• GIBBONS & MASTERS PATENT TUBE FLUI^* 

, ♦ GIBBONS & MASTERS PATENT ABC TiLbB 


/l!ondon— Walter HouSe, Strand, W.C.2 ^ 

. Manchester— 85 Trevelyan Byildings, Corporation Street 

BR&MCH Cardiff— 37 Westbourne Road, f^enarth 
OFFICES : Newcafitle District«^Staffa House, Micldleton St George, 
Co. Durham * 

« Melbourne -340 Spencer Street 


•xxi . 



• DAVIS BROS., ^ 

0 

, Chemical Engineers 

LONDON . ^ ^ MANCHESTE'R 

265 Strand, W.C. > /tt Deansgate . . 

jjAV-IS‘fe 5 ?OS^/ were^ among the firs 
to adapt the Column Still {^o*th( 

recovery^ of Ammonia fromoGas'^Worki 

" ® & 

Liquor, and have beqn makers of Con 

tinuous Ammonia Stills and Sulphati 

PlantB sin/'.e 1885. 

• 

. SPECIALITIES - 

TAR DISTILLATION PLANT 
SULPHATE OF AMMONIA PLANT 
, AMMpNIA STILLS 

ANHYDROUS AMMONIA PLANT. 
P ATENT “TREPEX>^ GAS 
WASHERS . . . . 

AMMC^NIA LIQUOR PLANT . . 

MURIA TE OF AMMqNIA_PLANT 
SULPHURIC ACID PLANT 
ACID DEARS^NICATION_ . _ . 
(wil_h_Wast^ Saturator G ases) 

Telephones Telegrams; • * 

1369* Central London “Trepex London" 

3060 Central i^anchciteV “Expert lAanchester" 
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SULPHATE of AMMONIA 

SATURATORS 

» 

* < 

OVER 545*’ SATURATORS OELlVEftED 
DURIKG THI last FEW. YEARS 



JOSEPH TAYLOR & CO. 

Cbemlcal Plant €ngincm 

BLACKHORSE STREET MILL 

BOLTON 


Telegraphic AdLire'es 
“SATURATORS, BOLTON 


Works, Telephone No. 
848 BOLTON 


Reiidenos 

BdlTOH 


tONtlM D!ST)LtAT!lll( 

COAl'.TAH • 

. , • 1— . • ; 

Hitd’s Patent .Process 


LOW WORKING CO^ 

* ./{utomAtic and 

SIMPLE TQ OPERA'PE. 


Diutillates and Pitch dischargeci 
continuously and simultaneously 
after initial adjustment . 

• No skilled supervision required , 

Particulars from the * 

. SOLE MAKERS: 

W. C. HOLMES & Co., Ltdi 

GAS AND CHEMICAL ^GINCER^ ' • 

WORKS AND HEAD OFFIcfe:* • 

HUDObtSFIELD 

• • • 


Tetegrams : Holmes, Huddersfield 


Telephcjgs 157 ^ 



,JAWES liyiNGSTON, 

* SPECIALISTS m ' complete plants^ for 

- cok TAR 'PRODlJCtS, w.hi|her 
•INJERMEDlATES iid DVESTUfFS, Sc. 

— -t _ * * 9 


-9 — 9r 


So\e$ European Representatives for 

J. P.’,DEVlN£'C0.,.BUFFAL0rC4.Y. 

largest gntkers in the World gf* • 

VACOOW DRTJING, EVAPORATING 
IMPREGflATING, 'DERESfNATING* 
^ •'‘and SCyLVfNT RECOVERY PLANT 


^The following FACTS map he of it ’ert.st : 

Since the* outbreak of War, the J. P. D. Co. have built and 
supplied to ALLIED COUNTRIES 

• Over 800 VACUUM DRYERS 

Over 350 C^MPLET| PLANTS for CHEMICAL and DYE PRODUCTS 
CHEMICAL PLANT AUXILIARIES, such as AUTOCLAVES (many * 
hundreds), STILLS (up to over 11,000 Gallons capacity) 

, FRACTIONATING COLUMNS, KETTLES (Nitrating, Sulphonatine * 
Fusion, Ac. Ac.), PERCOLATORS, Ac., of a value of 

OVERUB1,000,000 STERLING 


We Invite Enquiries on all Chemical problems, and assure hearty 
, co-operation and secrecy. Correspondence in Clients’ own Lan jnajes 

f 

• Alt Communications to 

ilAiyiES LiyiNQSTON, Ltd. 

(for over 20' years at Great St Helens, E.C.). 

VACUUM DRYING, SOLVENT RECOVERY, AND 
CHEiaiCAL PLANT EXPERTS 

SARDINIA AoUSE, KINCSWAY, LONDQp}, V.C.1 

Telesrapf.* and Cables- Telephohe- 

/••JUtlRARY, LONDON" HOLBORN 88 * 
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FIRTH BIW SONS 

• lii^iTe'd 

CHURCH FEltTON, near LEEDS. 


<ias"^rid. Clielmcar Engfneers 

' §EC0rTD:HAND/8LANT»‘SliEC!AUSTS 



' WE ALWAYS KEEP A LARpE STOCK 
OF GOOD OVERHAULED SECOND- 
HAND PLANT, AND AT ALL TIMES 
GUARANTEE SATISFACTION 

SEND US YOUR ENQUIRIES 

CONSTRUCTIONAL .fRONWOR^ 
5TEEL BUILDINQSvERECTfiD 

FIRST CLASS WORKMANSHIP 


ASK FOR STOCK LIST 


THE BMTISH VAS FURIFTING 
- MATERIAtS COMPANY, Ud. 

(W. T. 'P. CUNNINGHAM, Chief Frcfpri^tor and Manafinj Direi^or) 
^ ^ 

' MmERS* OF ENGLISH 'BO(^ ORE 
_ AND RICH ’natural HYDRAT-ED 
OXIDE OF IRON ^ 

dealers In spent oxide 

■ 'TlSl ^ 

t ^ 

Registered Officzs— 

.13 ARCADlilN GARDENS, WOOD GkcBN 
. ' , LONDO.N, N.22 

Telegraphic Address - Telephone— 

“BRIPVRIMAT, WOOD-LONDON •’ “PALMER’S GREEN, 6 08'' 


WE SPECIALIZE 


IN < SMALL GAS WORKS 

and solicit enquiries for 

EXTENSIONS & RENEWALS, GASHOLDERS 
PURIFIERS, CONDENSERS, WASHERS 
SCRUBBERS, WATER TANKS 
Etc. 


PORTER (& CO. 


G&s Engineers 


L I N C O L N. 


, ESTABLISHED 1865 


T^egrams ; 

Telephone: 

“PORTED, LINCOLN” 

S66 
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‘BRPVmptDE-LUXE: 

PURIFY'iNQ .MAJERhAL 


SP^r-OXpE PCB<aiA5ED 


SULF^HURIC ACID 

•• 

for 

Sulphate of Air 

li ■ E 

TAR PRODUCTS 

■ ■ 

ENQUIRIES SOLICITED 

■ 

J. BROWN &.CO., LTO. 

' SAVILE TOWN 

dewsburV 


• XXIX 





' Iron t Founders dn<I Consiruciton».t Engineers 

a < * c . • 

i . ' 

^M^NIIFACTDRERS OF ALL DESCRIPWONS Of PLANT FOR 

GAS WOifK$,«COK^ OVENS and 
RESiDUAL^ PRO'P^CTS WOHKS 

NON-Mle^i/yiicAL wasSsrS 
TUBULAR CONOfiN-SERS , 
ER^IJTION'ATING COKDE^fSERS 
DEEfiLEGM'ATORS ' 

TAR DEHYDRATION ’PLA<^^TS 
_ , STORAGE TANKS, &c. &c. 

Works:'' ' London Office: 

FR.OME, SOMERSET 39 Victoria Street, Westminster, S.W.l 


* Notice 

to those interested in 

Coking and By-Products 

A Cokiu#>[ r’ld IJy-Products Section appears in the first issue of 
‘^The Gas VV^orld ” each rnontij. Copies containinjsf it will be sent, 

^ post free (in the United Kingdom), for fis. per annum. Single copies, 
pice 4d.; by post od. 

t * 

* ,The above Section is the official organ of Uie Coke Oven Manageie’ 
Association. g 

Vhis St/tiou contains ,i:e|)orts of meetings, descriptions of plant and 
apparatus, papers relating'*to (Poking and By-Prod^ictS and much 
general information conc^ning the industry. 

The annual subscription to “The Gas World,” if sent weekly^ including a copy of “The 
Gas World" Vear Book, Is, United Kingdoii, 19s. Od. prepc'i. Abroad, 21s., prepaid. 

■ H , i, 

“ The ^ World " Offices, 8 Bouverie Street, London, EX.4 ^ 
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Centrifugal WasHei 

For Extractioi^ of Amminka, Cy^We, •Naphthalene 
Benzol, %etc., from Coal and other Gases 



192 , 32 t!,(K )0 cujMcteet 
‘KIRKHAM, HULEVT 'SkCHANDL^R, LTI 

37 & ag.Norfolk House, Norfolk Street 

* STRAIN Du W.C .2 * 


Tftograins—'* Waiher Bstrand, London" 


’Photte-^43 Clt 
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